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NOTICES 


An annual sum of £250 is available for premium awards for papers, including 


Technical Notes, published in the Journal. 


Members and non-members of the 


Society are invited to submit Papers on any aspect of aeronautics 


ANNUAL GENERAL MEETING—8TH May 1957 
NOTICE IS HEREBY GIVEN that the Annual 

General Meeting of the Royal Aeronautical Society, with 

which is incorporated the Institution of Aeronautical 

Engineers, will be held on Wednesday 8th May at 5.30 

pm. in the offices of the Society, 4 Hamilton Place, 

London, W.1. 

AGENDA 

|. To read the Notice convening the Meeting. 

1 To receive and deliberate upon the Report of the 
Council on the state of the Society and the Balance 
Sheet and Income and Expenditure Accounts of the 
Royal Aeronautical Society and Aeronautical Trusts 
Limited for the year ended 3lst December 1956. 

3. To receive the names of those elected to Council for 
the years 1957-1960. 

4. To announce the names of Fellows elected by the 

Council in accordance with By-Law 4. 

To elect the Auditors for the year 1957. 

6. Any other business. 

By Order of the Council 
A. M. BALLANTYNE 
Secretary. 
NOTE: In accordance with the By-Laws any member 
whose subscription has not been paid before the 
first day of April is not entitled to vote. 


Light Refreshments will be served after the meeting. 


NOMINATIONS OF CANDIDATES FOR COUNCIL 

The following is an extract from the By-Laws :— 

“The Twenty-one ordinary members (of the Council) 
shall be nominated and elected from among the members 
of the Society. At the date of their election at least ten 
shall be Fellows, and one at least shall be in each of the 
following classes: Associate Fellow, Associate and 
Graduate. 

“ Of the ordinary members of the Council, that number 
necessary to create seven vacancies shall retire annually. 
The retiring members shall be those with the longest service 
since their last election but they shall be eligible for 
re-election. 

“Nominations of candidates for election to the Council 
must be received by the Secretary not later than 10th April 
ineach year and shall include statements in writing by 
the candidates that they are willing to serve. The nomin- 
ation forms shall be signed by one proposer and two 
seconders, all of whom shall be Voters.” 

Nomination forms may be obtained on application to 
the Secretary. 


SYMPOSIUM ON HIGH ALTITUDE AND SATELLITE ROCKETS 

A Symposium on High Altitude and Satellite Rockets, 
sponsored by the Society, the College of Aeronautics and 
the British Interplanetary Society, is to be held at the 
College of Aeronautics, Cranfield, on Thursday 18th July 
and Friday 19th July 1957. Papers will be delivered on 
the following subjects : — 

(1) Scientific uses of High Altitude Rockets and Arti- 
ficial Satellites. (2) The Gassiot High Altitude Rocket. 
(3) High Altitude Rocket Vehicle Design. (4) Propulsion 
Problems. (5) Guidance, Instrumentation and Telemetry 
Problems. (6) Problems of Re-entry to the Atmosphere, 
including Aerodynamics, Heat Transfer and Materials. 
(7) Future Developments. 

Further details about the Symposium will be published 
next month. 


CONFERENCE ON ADVANCED AERONAUTICAL EDUCATION 

A week-end conference on Advanced Aeronautical 
Education has been arranged by the Society for Saturday 
and Sunday 23rd and 24th March 1957 at the College of 
Aeronautics, Cranfield. It is open to both members and 
non-members of the Society, but accommodation will be 
limited. 

At the meeting the Chair will be taken by Professor 
A. R. Collar, M.A., D.Sc., F.I.A.S., F.R.Ae.S. (Chairman 
of the Society’s Education Committee). An introductory 
address will be given by the President, Mr. E. T. Jones, 
C.B., O.B.E., F.R:AeS. 

The main emphasis will be on discussion, but to serve 
as a basis for the discussion papers will be read by 
Professor A. J. Murphy, M.Sc., A.F.R.Ae.S. (Principal of 
the College of Aeronautics), Mr. R. L. Lickley, B.Sc., 
D.1.C., F.R.Ae.S. (Technical Director and Chief Engineer, 
Fairey Aviation Co. Ltd.) and Professor A. V. Stephens, 
M.A., F.R.Ae.S. (Professor of Aeronautics, Queen’s 
University, Belfast). In these papers attempts will be 
made to define the requirements of the aircraft industry 
and to discuss these in relation to the provisions made by 
educational establishments. 

Application forms for enrolment, giving details of the 
arrangements, have been sent to all members and additional 
copies may be obtained from the Secretary. 


THE SIGNIFICANCE OF DEFECTS REVEALED BY 
Non-DESTRUCTIVE TESTING 

A Symposium, organised jointly by The Royal Aero- 
nautical Society and The Institute of Physics (Non- 
Destructive Testing Group), will be held at the Institution 
of Mechanical Engineers, Birdcage Walk, S.W.1, towards 
the end of May or the beginning of June. 

The Symposium will begin at 10.00 a.m. and continue 
until about 5.30 p.m. with a lunch break from 1.00 p.m. 
to 2.30 p.m. 

The programme will consist of four contributions by 
leading experts on the following topics: 

Crack Propagation in Service ir 

Crack Propagation in the Laboratory ; 

The Critical Assessment of Non-Destructive Testing 

Methods Used in Aircraft Inspection 
Difficulties in the Assessment of the Results of Non- 
Destructive Tests 
and each pair of contributions will be followed by a free 
discussion period. 

It is hoped that, by bringing together physicists with a 
general background in the field of non-destructive testing 
and those who apply these methods in engineering practice, 
a better understanding may be obtained of defect signifi- 
cance and of the extent to which the improvement of the 
methods employed is necessary or desirable. 

The Symposium is open both to members of The Society 
and The Institute of Physics who should produce their 
current membership cards. Others who wish to attend 
must apply to The Secretary, Royal Aeronautical Society, 
4 Hamilton Place, W.1, for a visitor's ticket. 


ADDITION TO NEW YEAR Honours LIs1 
A. Mathisen (Associate Fellow), Managing Director of 
Graviner Manufacturing Co. Ltd., was awarded the O.B.E. 
in the New Year Honours List. 
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DIARY 


LONDON 

7th March 
TENTH Louis BLERIOT LECTURE.—Modern Methods of 
Aircraft Production. P. Badré. Institution of Mechanical 
Engineers, Birdcage Walk, London, S.W.1l. 6 p.m. 
(Tea 5.30 p.m.) 

12th March 
SECTION LEcTURE.—High Temperature Materials for 
Engines. E, R. Gadd. Library, 4 Hamilton Place. 7 p.m. 

21st March (transferred from 26th March) 
SECTION LECTURE.—The Application of Automatic Digital 
Computers to Aeronautical Problems. Dr: 
Hollingdale. Library, 4 Hamilton Place. 7 p.m. 

26th March (transferred from 17th December, 1956) 
Main LECTURE AT READING’ BRANCH.—Problems and 
Prospects in Air Transport. P. G. Masefield, Great Western 
Hotel, Reading. 6.30 p.m. 

4th April 
Integration. L. F, 
Nicholson. Institution of Mechanical Engineers, Birdcage 
Walk, S.W.1. 6 p.m. (Tea 5.30 p.m.) 

9th April 
SECTION LEcTURE.—Fail-Safe Structural Design. N. F. 
Harpur. Library, 4 Hamilton Place, London, W.1. 7 p.m. 

16th April 
SEcTION LEcTURE.—Simulation Techniques in Aeronautics. 
J. J. Foody and R. A. Paul. Library, 4 Hamilton Place, 
London, W.1. 7 p.m. 

30th April 
SECTION LECTURE.—The Purpose and Problems of Research 
Aircraft. F. P. Youens. Library, 4 Hamilton Place. 7 p.m. 

9th May 
Main LectureE.—The First Lanchester Memorial Lecture. 
Dr. T. von Karman. Institution of Mechanical Engineers, 
Birdcage Walk, London, S.W.1. 6 p.m. (Tea 5.30 p.m.) 


GRADUATES’ AND STUDENTS’ SECTION 

19th March 
Gas TURBINES FOR HELICOPTERS.—A. W. Morley. Library, 
4 Hamilton Place, London, W.1. 7.30 p.m. 

20th March 
Visit to D. Napier and Son Ltd. 

17th April 
PROBLEMS AND PROSPECTS IN AIR TRANSPORT.—P. G. 
Masefield. Library, 4 Hamilton Place. 7.30 p.m. 


BRANCHES 


13th March 
Bristol.—Fourth Barnwell Memorial Lecture. Education 
in Industry. Professor A. R. Collar. Because of Sir 
Alfred Pugsley’s illness his lecture “Economy of 
Structures ” has been postponed. Main Lecture Theatre, 
University Engineering Laboratories, University Walk, 
University of Bristol. 7 p.m. 
Manchester.—Second Chadwick Memorial Lecture. The 
Influence on Aircraft of Aeronautical Research. M. B. 
Morgan. Reynolds Hall, College of Technology. 
Manchester. 7.30 p.m. 
Southampton.—Production Development. L. G. Burnard. 
Lecture Theatre, Institute of Education, University of 
Southampton. 7 p.m. 

14th March 
Isle of Wight.—Fleet Air Arm Tactics and Strategy. 
Capt. D. R. F. Cambell, D.S.C. Ciubhouse, Saunders-Roe 
Sports and Social Club, Church Path, E. Cowes. 6.30 p.m. 

15th March 
Birmingham.—Medical Aspects of High-Speed Flying. 
Gp. Capt. W. K. Stewart. Birmingham Engineering 
Centre, Stephenson Place, Birmingham. 7.15 p.m. 

18th March 
Derby.—Joint Lecture with Institution of Mechanical 
Engineers. Operational Problems of Jet Airliners. W. O. 


W. Challier. Rolls-Royce Welfare Hall, Nightingale Road, 
Derby. 6.15 p.m. 
Henlow.—Films. Building No. 62, R.A.F. Technical 
College, Henlow. 7.30 p.m. 

19th March 
Glasgow.—Titanium. R. L. Preece. 
College, Glasgow. 7.15 p.m. 

20th March 
Brough.—High Speed Flight. Lt. Col. C. E. Yeager, 
Lecture Hall, Yorkshire Electricity Board, Ferensway, 
Hull. 7.30 p.m. 
Christchurch.—Aviation Journalism. C. Gardner. King’s 
Arms Hotel, Christchurch. 7.30 p.m. 
Merthyr Tydfil.—Talk by member of the Douglas Aircraft 
Co. Inc. B.O.A.C. Treforest. 
Weybridge.—The Problems of Jet Transport Operation, 
J. T. Dyment. Apprentice Training School, Vickers- 
Armstrongs (Aircraft) Ltd. 6 p.m. Postponed from 13th 
March. 

21st March 
London Airport.—Problems of Jet Transport Operation. 
J. Dyment. Viking Centre Cinema. Postponed from 14th 
March. 
Yeovil.—Fundamental Particles of Physics. C. C. Butler, 
Park School, Park Road (off Princes Street), Yeovil. 
7.30 p.m. 

26th March 
Reading.—Main LectureE.—Problems and Prospects in Air 
Transport. P. G. Masefield. Great Western Hotel, Reading. 
6.30 p.m. 

27th March 
Leicester.—Helicopters. Raoul Hafner. Lecture Theatre, 
Loughborough College, Leicester. 6.30 p.m. 
Luton.—Annual General Meeting and Presidential Address. 
Napier Senior Staff Canteen, Luton Airport. 6.15 p.m. 
Preston.—Aerial Survey. B. J. Atwell. Queen's Hotel, 
Lytham. 7.30 p.m. 

28th March 
Bristol Annual General Meeting. Film Show.  Con- 
ference Room, Filton House, Bristol Aircraft Ltd. 6 p.m. 
Isle of Wight.—Rocket Motors. Sidney Allen. Clubhouse, 
Saunders-Roe Sports and Social Club, Church Path, 
E. Cowes. 6.30 p.m. 

29th March 
Birmingham.— Artificial Satellites. M. Ovenden. 
Birmingham Engineering Centre, Stephenson Place. 7.15 p.m. 

Ist April 
Derby.—Reminiscences of a Flying Career. G. A. V. 
Tyson. Rolls-Royce Welfare Hall, Nightingale Road, 
Derby. 6.15 p.m. 

2nd April 
Belfast.—Aircraft Production. G. T. Gedge. Kensington 
Hotel, Belfast. 7 p.m. 
Boscombe Down.—(Provisional) High Speed Experimental 
Test Flying. Lt. Col. C. E. Yeager. Lecture Hall, 
A. & A.E.E., Boscombe Down. 5.45 p.m. 

3rd April 
Chester.—The Deveiopment of the Deltic Engine. C. D. 
Carmichael. Grosvenor Hotel, Chester. 7.30 p.m. 
Weybridge.—Atomic Energy for Aircraft Propulsion. 
J. E. B. Perkins. Apprentice Training School, Vickers- 
Armstrongs (Aircraft) Ltd. 6 p.m. 

4th April 
Cheltenham.—Arctic and Tropical Aircraft Trials. R. K. 
Cushing, O.B.E. St. Mary's College, Cheltenham. 
7.30 p.m. 
Yeovil.._Annual General Meeting and Films. Park School, 
Park Road (off Princes Street) Yeovil. 7.30 p.m, 

8th April 
Bristol—Has the Water Barrier Been Broken?  P. R. 
Crewe. Conference Room, Filton House, Bristol Aircraft 
Ltd. 6 p.m. 
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10th April 
Christchurch.—Annual General Meeting and Film Show. 
King’s Arms Hotel, Christchurch. 7.30 p.m. 
Glasgow.—Annual General Meeting. Royal Technical 
College, Glasgow. 7.15 p.m. 
Leicester.—* Pioneers.” N. J. Capper. Lecture Theatre, 
Loughborough College of Technology. 6.30 p.m. ‘ 
Luton.-Measurement of Aircraft Vibration in Flight. 
D. A. Drew. Lecture Hall, Luton Public Library. 7 p.m. 
11th April 
Gloucester and Cheltenham—ar Hereford.—Application of 
Nickel Alloys to Aircraft. W. F. Featherstone. 7.30 p.m. 
Isle of Wight.—Branch Prize Lectures. Clubhouse, 
Saunders-Roe Sports and Social Club, Church Path, 
E. Cowes. 6.30 p.m. 

13th April 
Bristol._-Visit to Saunders-Roe Ltd.. Cowes, Isle of 
Wight. 

16th April 
Belfast.—Annual General Meeting. 
Belfast. 7 p.m. 

17th April 
Coventry—Annual General Meeting and Films. The 
Wine Lodge, The Burges, Coventry. 7.30 p.m. 
Preston.—Annual General Meeting and Film Show. R.A.F. 
Association, Preston. 7.30 p.m. 
Reading.—Annual General Meeting. Western Manufactur- 
ing (Reading) Ltd., Canteen. 6 p.m. 

19th April 
Brough.—Annual General Meeting. Lecture Hall. 
Yorkshire Electricity Board, Ferensway, Hull. 7.30 p.m. 

24th April 
Gloucester.—Annual General Meeting and Film Show. 
Wheatsone Hall, Brunswick Road, Gloucester. 7.30 p.m. 
London Airport.—Future Trends in Power Plants. 
Mr. Snell. 
Southampton.—Technical Publications. | Major H. R. 
Hockley. Lecture Theatre, Institute of Education, 
University of Southampton. 7 p.m. 


Kensington Hotel, 


ASSOCIATE FELLOWSHIP EXAMINATION 
DECEMBER 1956 RESULTS 

The following Candidates were successful in the 
Associate Fellowship Examination held in December 
1956: 

Part I—LONDON 

J. C. K. BAERSELMAN, Pure Mathematics, Mechanics, 
Physics, Aerodynamics, Thermodynamics; A. BEEDLE, 
Strength of Aircraft Materials and Theory of Structures. 

D. H. Cuester (Stud. R.Ae.S.), Strength of Aircraft 
Materials and Theory of Structures. 

T. H. F. Detar, Aerodynamics, Thermodynamics; 
R. F. M. Drake (Stud. R.Ae.S.), Mechanics—Part I com- 
pleted. 

D. W. Evans, Strength of Aircraft Materials and 
Theory of Structures; W. J. Everett (Stud. R.Ae.S.), Pure 
Mathematics, Mechanics, Physics, Strength of Aircraft 
Materials and Theory of Structures, Theory of Machines. 

Flight Cadet R. Feakes, Pure Mathematics, Aero- 
dynamics, Thermodynamics. 
D. HotpswortH, Pure Mathematics, Mechanics, 
Physics, Thermodynamics, Theory of Machines. ; 

‘D. J. Ltoyp Lewis (Stud. R.Ae.S.), Strength of Aircraft 
Materials and Theory of Structures. 

Flight Cadet R. F. Munpy, Pure Mathematics, 
Mechanics, Thermodynamics. 

D. S. C. PAINE, Thermodynamics, Theory of Machines. 

P. G. Simpkins (Stud. R.Ae.S.), Strength of Aircraft 
Materials and Theory of Structures; J. STRYMowiIcz, Pure 
Mathematics, Mechanics, Strength of Aircraft Materials 
and Theory of Structures, Theory of Machines. 

Flight Cadet R. L. THomas, Aerodynamics, Thermo- 
dynamics. 

Flight Cadet M. Yunus, Pure Mathematics, Mechanics, 
Physics, Aerodynamics. 
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Part II—OLp SyYLLABUS—LONDON 

C. A. BAINBRIDGE (Stud. R.Ae.S.), Strength of Materials 
and Theory of Structures; A. BEEDLE, Aerodynamics: 
R. M. BLUNT, Meteorology, Navigation. 

M. T. DaRwoop (Stud. R.Ae.S.), Strength of Materials 
and Theory of Structures; J. H. Davies (Stud. R.Ae.S.), 
Strength of Materials and Theory of Structures; L. F. M. 
De Swart (Stud. R.Ae.S.), Air Transport; R. F. M. DRaki 
(Stud. R.Ae.S.), Aircraft Materials. 

D. W. Evans, Aircraft Design. 

Flying Officer M. FARMER, Meteorology. 

D. GortMans (Stud. R.Ae.S.), Strength of Materials 
and Theory of Structures. 

. O. Lewis, Aerodynamics; J. G. LopGe (Stud. 
R.Ae.S.), Strength of Materials and Theory of Structures. 

Pilot Officer R. A. Nicort, Air Transport; K. G. F. 
Nos e (Stud. R.Ae.S.), Strength of Materials and Theory of 
Structures. 

S. SmitH, Strength of Materials and Theory of 
Structures. 

J. E. Wincate (Stud. R.Ae.S.), Strength of Materials 
and Theory of Structures. 


ParT II—OLp SyL_LABuS—OuTSIDE LONDON 

K. BRODDLE (Hull), Strength of Materials and Theory 
of Structures. 

E. A. Coates (Hull), Strength of Materials and Theory 
of Structures; L. W. Couttous (Hull), Strength of Materials 
and Theory of Structures. 

J. FARRINGTON (Belfast), Strength of Materials and 
Theory of Structures. 

H. GREENE (Belfast), Strength of Materials and Theory 
of Structures. 

A. J. HARLAND (Hull), Strength of Materials and Theory 
of Structures; J. O. Hitt (Belfast), Strength of Materials 
and Theory of Structures: W. H. S. Hoy (Belfast), Strength 
of Materials and Theory of Structures. 

J. Picktes (Stud. R.Ae.S.) (Preston), Strength of 
Materials and Theory of Structures. 

F. M. RAanps (Stud. R.Ae.S.) (Hull), Strength of 
Materials and Theory of Structures. 


PaRT I[—REVISED SYLLABUS—LONDON 
A. Finaz (Stud. R.Ae.S.), Theory of Structures A, 
Theory of Structures B, Thermodynamics and Theory of 
Machines. 
R. H. Piatt (Stud. R.Ae.S.), Aerodynamics A, Theory 
of Structures A, Theory of Structures B. 


Part I—ABROAD 

K. L. Arora (Stud. R.Ae.S.) (Hyderabad), Strength of 
Aircraft Materials and Theory of Structures, Theory of 
Machines. 

C. L. BHATARA (Delhi), Pure Mathematics, Mechanics. 
Physics, Strength of Aircraft Materials and Theory of 
Structures. 

Flight Lt. B. Husain (Karachi), Thermodynamics. 

P. J. MARSH (Toronto), Pure Mathematics, Mechanics. 
Physics, Strength of Aircraft Materials and Theory of 
Structures.; F. MinHAs (Lahore), Aerodynamics. 

TILak Ras (Delhi), Strength of Aircraft Materials and 
Theory of Structures: M. K. RAMAMURTHY (Stud. R.Ae.S.) 
(Hyderabad), Strength of Aircraft Materials and Theory 
of Structures, Theory of Machines. : 

Corporal P. D. Savana (Delhi), Pure Mathematics. 
Mechanics, Physics; Pilot Officer D. S. SARMA (Mysore), 
Strength of Aircraft Materials and Theory of Structures, 
Thermodynamics. 

J. F. TEAGUE (Adelaide), Physics. 


ParT II—OLp SyLLABUS—ABROAD 
B. V. Davis (Stud. R.Ae.S.) (Sydney), Aerodynamics. 
R. S. SKULSKY (Texas), Aerodynamics: O. J. STEVENSON 
(Stud. R.Ae.S.) (Sydney), Meteorology, Navigation. 


PaRT II—REVISED SYLLABUS—ABROAD 


V. S. HEDGE (Poona), Aerodynamics A, Aerodynamics 
B, Theory of Structures A. 


F. Minnas (Lahore), Aerodynamics A, Aerodynamics B. 
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Kenneth Ward 
Peter Glover Wilby 
Alan Bernard Young 


Balbir Singh 
Reginald Edward Taylor 
Perinchery Venugopalan 


ELECTIONS 
The following is a list of new members and transfers 
of membership of the Society :— 


Companion 
Associate Fellows A 


Alec Field Atkin 
(from Graduate) 
Norman Bever 
(from Graduate) 
Cyril Frank Blanks 
(from Graduate) 
Richard John Holden 
Bollard 
Peter Lawrence Britton 
(from Graduate) 
Peter Walker Campbell 
(from Graduate) 
Roland Dennett 
(from Graduate) 
Frederick Ralph Elliott 
Peter William Fitt 
(from Student) 
Ronald Francis Fletcher 
Terence Edmund Ford 
(from Graduate) 
Henry Clifford Garner 
David Gill 
(from Student) 
David Wilfred Holland 
Godfrey (from Graduate) 
Edwin Mosey Harris 
(from Graduate) 
John Norman Hullah 
(from Graduate) 


Associates 


Kenneth Ivor Walter Bouch 
(from Student) 
Alan John Cooper 
(from Student) 
Louis Charles Covell 
Melville George Day 
Gordon Thomas Dean 
John Edward Alec Gauld 
John Arthur Marshall 
Leon Frederick James 
Northcote 
Alfred John Henry Sammels 


Graduates 


Ian Miles Allison 
Andrew Achilles Askotis 
(from Student) 
Dennis Craven Binks 
James Guy Coop 
Cyrel Frank Cooper 
John Grimson 
(from Student) 
William Alan Horton 
Laurence William Everett 
Johnston (from Student) 
Christopher John Kaines 
Michael James Keedwell 
William Charles Keen 

(from Student) 
Eric Litton 
Samuel Thomson Monaghan 


Students 


Michael Raymond Addley 
John William Bradly 

Keith Frederick Scott Chard 
Arnold Anthony Clark 
Dereck Clive Conroy 

John Edward Cranfield 
Clive Henry Dadley 

Max Kingsbury Davis 
Adam Andrzej Duch 

Roy Evans Galloway 

John Gilbert Gardner 

John Michael Grimsey 
Christopher Francis Halford 
John Halem Jenkins 

Roy Michael Johnson 
Laurence William Jones 


George Jackson 
(from Graduate) 
Robin Keir-Watson 
John Oliver Lancaster 
(from Associate) 
Oliver Reginald Barton 
Moorman (from Graduate) 
Gilbert Rugg Nicolson 
(from Graduate) 
Ronald William Prizeman 
(from Graduate) 
John Edward Rapson 
(from Graduate) 
Gabriel Reed 
John Anthony Rein 
Frank Edwin Roe 
(from Graduate) 
Dennis Rose 
(from Graduate) 
Robert John Sellars 
(from Graduate) 
Thomas Anthony Smith 
Geoffrey Michael 
Trewinnard 
(from Graduate) 
Robert Charles Wallin 
(from Graduate) 
Reginald William Winch 
(from Graduate) 
Peter Guy Wykeham 


John Savage 

George Frederick James 
Sirett 

Reginald John Smith 

Alexander William 
Stevenson 

Sidney Charles Swatton 
(from Student) 

Anthony Bradford White 
(from Student) 

Peter Graham Williams 


Thomas Henry Mountain 
Nilal Shashi Prabhakar 
Naidu 
Robert Partridge 
(from Student) 
James Reid 
Richard Edwin Robbins 
Clive Russell 
(from Student) 
Kenneth Graham Stapley 
William Victor Stirling 
Roy Towell 
David Eric Turnbull 
Alampallam Vaidynatha 
Viswanathan 
Brian Michael Wilkinson 
William Gordon Wilson 


Adam Stanislaw Marja 
Malhomme de la Roche 
Louden Williamson 
Masterton 
Michael John Menear 
Ralph Sydney Noronha 
Brian John Francis 
O’Riordan 
John Philip Parker 
Robert Glassford Paterson 
John Clifford Penwill 
Donald Benjamin Phillips 
Anthony John Pretlove 
Ralph Joseph Quarton 
Michael Sydney Reeves 
David Victor Shaw 


Herbert Richard Williams 


NEWS OF MEMBERS 

N. G. V. ANSLOw (Associate), formerly with Standard 
Telephones and Cables Ltd., is now with the Communi- 
cations Branch of B.O.A.C. 

B. D. BLACKWELL (Associate Fellow) has been appointed 
Assistant Chief Engineer of Bristol Aero Engines Ltd. 

F. BRADSHAW (Associate Fellow) has left the Rocket 
Motor Development Dept. of Bristol Aircraft Ltd. to 
become a Senior Technical Engineer in the Helicopter 
Design Office. 

WILLIAM G. BurRNS (Associate Fellow) has_ been 
appointed Civil Aviation Liaison Officer at Australia House. 

T. L. Crastuta (Associate Fellow) is now Chief 
Designer (Helicopter Division) of Saunders-Roe Ltd. at 
Eastleigh. 

D. W. Gray (Student) is now a Scientific Officer at the 
Royal Aircraft Establishment. 

Squadron Leader M. GREENWOOD (Associate), formerly 
Group Engineer Officer of No. 63 (Western and Welsh) 
Group, Hawarden, is appointed as Group Engineer of 
No. 64 (Northern) Group, Rufforth, on the amalgamation 
of that Group with Nos. 63, 66 and 67 Groups. 

Air Cdre. J. A. HAWKINGS, C.B.E. (Associate Fellow) 
has been appointed Controller of the new Research and 
Development Division of The Pyrene Company Ltd. 

P. HOLLENBERG (Graduate) has left his post as Aero- 
dynamicist at Handley Page and is now employed with 
Avro Aircraft Ltd. at Malton, Ontario. 

D. C. KOHL (Graduate), formerly with Rotol Ltd., is 
now a Stress Engineer at the London Office of British 
Messier Ltd. 

P. R. LANCASTER (Graduate) is now a Research Engineer 
at Tube Investments Research Laboratories. 

K. L. C. LecG (Associate Fellow), Structures Develop- 
ment Engineer at Short Brothers and Harland Ltd., is 
taking up the position as Head of the Structures Division 
of Aircraft Development with the Brazilian Air Ministry 
and Associated Professor of the Aeronautical Institute. 

A. G. Lowe (Graduate), formerly with Bristol Aircraft 
Ltd., is now an Engineer in the Technical Office of Avro 
Aircraft Ltd., Malton, Ontario. 

W. McGowan (Associate Fellow), formerly with 
Folland Aircraft Ltd., is joining Lockheed Aircraft Corpor- 
ation, California, as Structures Engineer. 

Dr. R. E. MEYER (Associate Fellow), formerly Reader in 
Aeronautical Engineering at the University of Sydney, is 
now Associate Professor of Applied Mathematics at Brown 
University, Providence, Rhode Island, U.S.A. 

Wing Commander L. C. N. PENNEY (Associate) is now 
with the Engineer Staff of Headquarters Command, R.A.F. 

R. PLoszek (Associate Fellow), formerly with the de 
Havilland Aircraft Co. Ltd., is now with the Ministry of 
Supply, A.I.D., Liverpool District Office. 

E. L. SmitH (Graduate) has recently joined Canadian 
Pratt and Whitney Aircraft Co. Ltd. as Analytical Engineer 
(Performance) in the Design Engineering Department. 

K. M. SMITH (Associate Fellow) has resigned from the 
Air Registration Board and joined Hedley S. Crabtree and 
Co. Ltd., Aeronautical Consultant Engineers. 

Squadron Leader D. H. SURGEONER (Associate Fellow), 
formerly Temperature Control Engineer, is now Technical 
Superintendent, Rheostatic Company. 

Captain R. P. TARGETT-ADAMS (Associate Fellow) has 
retired from the Royal Navy and has joined Short Brothers 
and Harland Ltd. in charge of their Technical Wing at 
Llanbedr Aerodrome. 

Dr. E. W. C. Witkins (Fellow) who recently joined 
Lockheed Aircraft Corporation, Burbank, California, as 4 
Research Specialist in the Engineering Division, was 
incorrectly described as an Associate Fellow in the January 
1957 Journal. He is, of course, a Fellow. 
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The Presidential Address 


An Address by the President, Mr. E. T. Jones, C.B., O.B.E., M.Eng., F.R.Ae.S., was given 
= before the Society at Church House, Westminster, London, S.W.1. on 10th January 1957. 
LorD BRABAZON OF TaRA, P.C., G.B.E., M.C., Hon.F.R.Ae.S., a Past President of the Society, 
presided. The Presidential Address was followed by a Reception, also at Church House. 
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ket 
to LorpD BRABAZON opening the Meeting:—We are about to hear the Fourth Presidential 
ster Address in the history of our great Society. Only Two Presidential Addresses took place during 


89 years of our existence, the third one took place during the 90th year of our existence and this 
is our fourth. You are assembled here tonight to hear some words from a very remarkable 
een nan, not only from his achievements but also from his very important position relative to 
use. the Aircraft Industry. I hope all the people here who are in any way connected with the 


hief Industry will listen with the very greatest interest. He is our President and a well-beloved one 
at and with those few words | will ask you all to allow him to give the Fourth Presidential 
Address to the Royal Aeronautical Society. I introduce to you Mr. E. T. Jones. 
the 
erly ENTERED this room conscious of both pride and mature branches of civil, mechanical and hydraulic 
Ish) humility; proud because I was to be introduced by engineering, but it is amusing to reflect that by original 
of that man of many accomplishments one of whose definition an engineer is “one who designs and con- 
ion claims to fame is being the holder of the first aviator’s structs military works or works of public utility” which 
i certificate issued in the United Kingdom. Proud too seems to describe most of us without ambiguity or the 
and because you decided that I should stand before you as need for qualifying adjectives. 
the President of this illustrious Society but, nevertheless, In 1903 the Wright Brothers introduced to the World 
eTO- humble because among other things, no matter how not only a vehicle that could fly, but a new branch of 
ion kindly you may receive my address tonight, it remains science and a new engineering profession. This first 
= true that to have said something is not to have done vehicle of powered flight was an end product in itself 
tish something. Another reason for humility, and this and it was quickly realised that each and every part of 
applies in some measure to us all, is the realisation of it would need concentrated development if the vehicle 
leer | our puerile achievements; to assess the results of all our was ever to carry a useful load safely at a speed which 
lop- | integrated endeavours we must look to the sky and by would be attractive. 
mals that means and no other can we quickly and plainly, see Most of us would probably claim that the aircraft, 
sion reflected, our ignorance and ignominy. like the steam ship, the locomotive and the motor car, 
stry My aim in this short Address is to make you developed very quickly over the first 40 years of its 
caf think of three related subjects—the aeronautical existence. But I wonder if the historian will think so. 
vro | engineer, the world’s oldest aeronautical society (our What are the facts? It took 40 years, including the 
own Society) and the world’s newest form of transport. stimulus of two world wars, to reach a steady speed of 
with Engineering, historically considered, is among the 0-9 Mach number (Spitfire at R.A.E. in 1943) yet, 15 
por’ | earliest of human activities, emerging as it did in the years later, this speed had been doubled (Fairey 
rin | first dawn of civilisation when mankind had to be fed F.D.2, 1956). In range, in load-carrying capacity 
y, is | and the first tool created. Some people would no doubt and in altitude too, we find, taking the world by and 
own say that the engineer first became prominent with the large, aS is proper in aeronautics, the same relative 
wie advent of the steam engine, while others would point order of advance. How will the historian of the 
,F. | ‘the monumental works of Egypt or the bridges and twenty-first century explain such a relatively slow pro- 
. de | aqueducts of the Romans and remind us of the remains gress in the first 40 years of powered flight compared, 
y of | of metal pumps that must be at least 2,000 years old. say, to the second period of 40 years. Alternatively, 
‘ Such differences of opinion merely reflect different will it be easier for him to explain the accelerated 
“o facets of the engineering profession as a whole which, progress in the second of these periods? Will he say it 
until a few centuries ago, included only civil, mechanical was started by Whittle, by the rocket engine, by wing 
the | and hydraulic engineers. sweep and thin wings, or by the nuclear physicist, who 
and Science and engineering have, throughout the ages, undoubtedly provided a spur for greater flight speeds 
sia advanced hand in hand, the abstract thoughts and to deliver the fission and later the fusion bomb? More 
ical | ¢XPeriments of the scientist and the constructional and than likely the historian will take the less controversial 
inventive ability of the engineer all being required to line by pointing to the relatively rapid advances recently 
has | bring new techniques and new commodities into being. made by scientists and engineers in all fields of science 
oy Thus, when the laboratory unfolds something new and and technology. 
epoch-making it is not unusual to find a new branch of In the past decade we have all read many popular 
ined | engineering is needed for its exploitation. articles for public consumption by eminent authors with 
as a In this way branches of engineering in electricity, such titles as “Science in Defence,” “Defence and 
ne in mining. in metallurgy, in chemicals, in radio and Research,” “Science and the Services.” Have any of 
” | electronics, were, as time passed, added to the more these phrases anything in common with those other 
143 
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topical phrases, born out of commerce and contem- 
porary in origin, “automation,” “mechanised muscle,” 
“compute for economy,” “Science in Industry” ? 
All these phrases stem, I suggest, from the same source; 
they can be likened to the branches of a tree which has 
been growing for centuries and living on science for its 
soil and industrial power for its water supply. During 
the early days of this tree there was little growth: 
there being little water to exploit the food value in the 
soil. As the installed power of a country grew, however, 
science became richer and so the tree began to take 
on a new look. It has now flourished to the extent 
that its branches are laden with blossom for all and 
sundry to see, and these newly coined phrases are the 
evidence that the blossom has been seen. 

It was not science which gave birth to the wheel, 
the principles of which were used by primitive man 
long before he was able to make a wheel. But it was 
science and technology coupled with the installation of 
hydraulic, mechanical and electrical power which 
enabled the wheel and all its complexes to be developed 
to the state we see today. Do we ever think how 
extremely difficult it must have been centuries ago to 
make a wheel? Yet today each of us carry a dozen or 
so about wherever we go and another 200 or more 
carry us about wherever we go. And tomorrow science 
and technology will have the backing of nuclear power. 
It is not surprising, therefore, that we are speaking on 
the one hand of automation in industry and on the 
other of “Science in Defence.” 

In times like today, when the installed power of the 
country is being boosted and science and technology 
are forging ahead, a process considered expensive could 
soon become cheap; a production tool now thought too 
extravagant in power consumption could later become 
economic and a complex commodity now thought 
difficult to maintain may become, like the watch, yet 
another symbol of simplicity and reliability. In such 
times we must learn not to call a new technique or new 
commodity complicated merely because we do not 
understand how it works, but to think instead of the 
many things we accept through usage without ever 
comprehending their techniques. In particular we must 
pass on the doctrine science and technology teach 
that complexity is but a relative term: that those things 
which look right today may not be right for tomorrow 
and that the future revenue-earning capacity of a 
country cannot wholly be determined from _ the 
statistician’s analyses of current economics. 

A young Pilot Officer viewing for the first time a 
modern military aircraft would immediately note the 
slim design, the curvaceous body and the smallness of 
the lifting surfaces. He would be all eagerness to know 
what is inside, but it would not occur to him to ask why 
slimness of design was conducive to high speed because 
he would have read about such matters. Indeed, if 
asked he would say these things are obvious pre- 
requisites for supersonic speed, just as obvious as it was 
to his father that somewhere there must be a propeller 
and to his grandfather that two wings, wire-braced, 
looked right for a powered vehicle of flight. Not one 
of these three generations of men would ever think of 
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the millions of pounds sterling, the hundreds of millions 
of dollars and the billions of francs and lire that the 
aeronautical countries of the world had spent jp 
research and development to change from one of those 
modes to the next, nor would these three generations of 
men have the same ideas on what was complicated and 
what was simple, on what was essential and what 
refinement: neither would they agree that one particular 
era of aircraft was better than all others. But they would 
agree that it was the introduction of the aircraft as q 
weapon of war which first focused the defence micro. 
scope on the scientist, as apart from science, and that 
the aeronautical engineer’s current problems were jin 
consequence most profound and agree too that the next 
generation of Service men would see changes in 
military air vehicles comparable with, or greater than, 
they had themselves seen. 

Similarly, three consecutive generations of aircraft 
transport operators would differ on many points but 
they would agree that passenger and freight aircraft are 
more reliable and meet their schedules better than ever 
before, that bad weather today does not occasion the 
nightmares of the past and that, because of the higher 
speeds and the higher operating altitudes of current 
types, crew and passenger fatigue has been much 
reduced and revenue increased. Like their military 
colleagues, therefore, these men too would expect to 
see in the future more advanced aircraft for civil 
purposes. 

Not so long ago most of the aeronautical engineers’ 
major problems were common to both military and civil 
types and the development of one helped in the develop- 
ment of the other. In fact these two groups of aircraft 
have grown up together and have kept in step in all 
major changes of design. 

When wood in one was replaced by metal the other 
also took to metal; when the military aircraft demon- 
strated that sufficient strength to weight could be built 
into one wing the civil aircraft also shed a wing; the 
retractable undercarriage of the fighter was copied for 
the passenger aircraft and fashion in fabric and tail 
wheels became the fashion in sheet dural and_ nose 
wheels. Other examples are the constant speed and 
reverse thrust propellers and high lift and drag flaps. 
Also, there is the turbo-jet engine and the turbo- 
propeller engine, both of which were first installed in 
military aircraft and are now seen in civil aircraft. 

At first glance it seems strange that two aircraft 
could be so similar when designed to discharge roles so 
widely different. Further thought does not readily 
reveal a reason for this but leads one instead to ponder 
why the economics of operation, essentially a design 
requirement of one, can be excluded from the require- 
ments of the other without leading to a marked 
difference between the two end products. Does it 
mean that maximum performance and economy of 
operation are in effect synonymous terms? 

Masefield in a recent paper" gives a clear and 
concise answer to this conflict when he says:—‘We see 
from this, one of the fundamental economic factors in ait 
transport—that: cost is related to hours flown and to 


landings made whereas revenue is related to miles | 
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covered.” In other words the faster the speed and the 
fewer the landings the more economical the aircraft 
becomes, provided, of course, that an increase of speed 
does not occasion a reduction of load or range. Hence 
the aeronautical engineer’s mandate to design for 
higher and yet higher speed and for greater and yet 
ereater loads, with which he was issued when flying 
began, is now extended and applies to all manned air- 
craft, civil and military alike; it is extended until such 
time as marginal advances involve prohibitive costs, or 
until some fundamental and limiting factor is 
uncovered. 

Inhabited aircraft are essentially conveyances like 
many other more fully established vehicles and it is com- 
mon knowledge that each and every form of conveyance 
adds its mite to the size of the travelling public. What 
one man has, another wants and what another does, 
sees and writes about so the desires in others grow. 
This is the way of life from the perambulator through 
the bicycle to the motor car and the pattern broadens 
as it matures through aircraft to nuclear power and all 
that follows. The perambulator brought the village in 
sight, the bicycle the countryside, the train the capital 
city, the motor car the sea shore, the ship the foreign 
land and the aircraft the world and all its peoples. 
Britain’s bicycles have been ridden over most of the 
world but they are near the limit of their development; 
ships, trains and motor cars too, all of which are shore- 
bound and earthbound, have also reached the stage 
where marginal improvements only can be expected. 
On the other hand the aircraft knows no limitations, 
except those imposed by our existing lack of knowledge, 
either in its speed, size or weight. Further, history 
shows that trade follows travel and nothing the nuclear 
weapon can do can change this pattern, although it 
might well intensify the need for faster and larger 
vehicles to facilitate escape. Moreover, the aircraft 
alone among all transport vehicles can make 
accessible any and every point on the earth’s surface. 
Does it not follow therefore that the aeronautical 
engineer will be heavily exercised in developing the 
transport aircraft to its limits—limits not only in cruis- 
ing speed, range and load, but also in extending control 
down to lower forward speeds which as a limit postulate 
zero forward velocity in a vertical flight path? 

Last year the last Lancaster of that memorable 
Royal Air Force bomber fleet was put away and at 
about the same time those remarkable “V” bombers 
began to form into a force. One era only separates 
these two vintage types, yet there is no resemblance 
between them. To say that the performance of one is 
more than double that of the other would be, to the 
aeronautical engineer, sufficient explanation of the 
long development time scale of current aircraft but 
there are laymen too and to them we owe a fuller 
explanation. We must remind them that the combined 
knowledge and skills accumulated by scientists and 
engineers over a period of 35 years were available, in 
usable form, to build the Lancaster for it was one of a 
long line of similar types, each but slightly better than 
its predecessor. 

We must explain to the laymen that the rate of 
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advance recently experienced in aircraft has not before 
obtained in any other powered transport vehicle and 
that in addition, many facilities are provided in the “V” 
bombers which were not available in the Lancaster. 
The Lancaster was unpressurised, had no cabin cooling 
equipment, no powered controls, no ejection seats or 
jettisonable canopies and no provision for precise 
navigation. It was powered by piston engines, had 
manual selection of services such as undercarriage 
lowering, a relatively simple fuel system and a most 
rudimentary heating system. In electric power supplies, 
while the system in the Lancaster would have barely 
heated two rooms of a small house, the system on the 
“V” bombers is comparable in power output to a B.B.C. 
medium wave transmitting station. 

This contentious subject of development time scales 
envelopes too, current supersonic fighter types and a 
factor often overlooked is that our aeronautical 
engineers and scientists did not, over the critical years, 
have the tools of their trade. It is important that the 
reason for this, and also the fact that the deficiency no 
longer exists, should both be fully appreciated other- 
wise Britain’s future potential might be seriously 
underestimated and, in consequence, wrong decisions 
made. It is well known that the rapid development of 
the turbo-jet engine after the war led to large increases 
of speed and operational altitudes, but it is not well 
known that no ground facilities existed anywhere in 
Britain by which an engine could be tested in conditions 
simulating those at the altitude at which it would have 
to operate. Further, there was no wind tunnel in any 
Government Establishment nor in industry in which a 
fair sized model could be tested at either transonic or 
supersonic speeds. This unhappy state of affairs 
improved but very slowly, mainly because the steel 
required for new construction was for years after the 
war in short supply. A marked improvement came in 
1955 and before the end of this year, when the finishing 
touches have been added, we shall be better equipped 
than at any time in our aeronautical history. 

In parallel with the construction of new Government 
wind tunnels at the Royal Aircraft Establishment 
(Farnborough and Bedford) and of engine test facilities 
at the National Gas Turbine Establishment at Pyestock, 
each engine firm has installed, at considerable expense, 
equipment to provide a large mass flow of high pressure 
air for research and development testing of turbo-jets 
and ram-jets and each aircraft firm has constructed, or 
is presently constructing, modern wind tunnels and 
structural test frames. Many modern wind tunnels have 
recently been erected at the National Physical Labora- 
tory, at the College of Aeronautics and at universities 
and two of the largest and latest transonic wind tunnels, 
one at Bedford constructed by the Aircraft Research 
Association, the other at the R.A.E. Farnborough, were 
last year set in motion. In all, well over sixty wind 
tunnels of various sizes and speed ranges have been 
erected in Britain since the war, and we shall soon have 
running more transonic and supersonic tunnels than we 
had subsonic tunnels before the war. This augurs well 
for the future since, for each new design of supersonic 
aircraft, at least 10 different models are needed for some 


test or another in three different kinds of tunnel, sub- 
sonic, transonic and supersonic. 

It can now be said that our aeronautical establish- 
ments and the aeronautical industry have never before 
been so well equipped to tackle the aerodynamic, 
structural and propulsion problems of today and to 
develop the aircraft the users want. Whether it be the 
military weapon system, the Blue Riband air liner of 
the Atlantic in supersonic fashion, the flexible operator 
which can ring the changes between passenger load 
and range, the freighter with long or short haul, the 
200-seater long range, the helicopter or the aircraft to 
open up the backwoods, so prominently stressed by 
H.R.H. the Duke of Edinburgh when he delivered the 
British Commonwealth lecture in 1954, our industry is 
equal to the task. 

The military fighter aircraft has already penetrated 
well into the supersonic speed régime and_ this 
experience has shown that the classical ground facilities 
for aerodynamic, structural and propulsion research, 
which for years have been the aeronautical engineers’ 
stock-in-trade, will need augmenting in many other 
directions as the flight speed increases further. Kinetic 
heating problems, for example, will give rise to much 
research in heat transfer, control of the boundary layer 
and in the evolution of wing and cabin structures which 
can be cooled. There are, too, those more direct effects 
of speed, such as the time available to the crew to 
execute an action, and these will demand automatic 
integration of radar, electronic and instrument informa- 
tion to relieve the pilot and free him to do what man 
alone can do—think and command. 

Moreover, the fighter aircraft is not the only vehicle 
of flight which now has a supersonic speed capability. 
There is the ground-to-air guided weapon, the air-to-air 
guided weapon and the unmanned aircraft. There is 
also the ballistic rocket, which first appeared as the V.2 
and, although this vehicle does not fly in the usually 
accepted sense, it differs from the older forms of pro- 
jectile in that it carries its own propulsion system and 
uses a guidance system. All these air vehicles therefore 
come within the charter for which our Society was 
established and the sciences, techniques and engineering 
practices employed are spheres of “knowledge which 
distinguishes the ‘Profession of Aeronautics’.” The 
“General Advancement of Aeronautical Art, Science and 
Engineering” which the Society is charged to foster is 
thus an ever-growing responsibility which we must 
prepare to undertake by widening the scope of member- 
ship and, as mentioned by our Past President, Mr. 
Rowe, in his address last year, by the formation of 
Sections to give proper impetus to new branches of 
aeronautics. 

For example, your Council is currently working out 
the special coverage which the Society should provide 
in scientific, technical and operational fields unique to 
these uninhabited air vehicles. It is clear that some of 
the techniques and engineering practices employed in 
the development of unmanned vehicles of flight are not 
required in the manned vehicle, but to share the job 
that man and his aircraft have hitherto done so well 
will call for knowledge and skills in the development of 
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these uninhabited vehicles which have not been acquired 
in other pursuits. Equipment with a high order of 
sensitivity to many different forms of signals, coupled 
with a reliability seldom surpassed in the works of man, 
will be needed to match the very high speeds of some 
of these vehicles. 

These new vehicles of the air, essential as they may 
be considered from the military point of view, are com. 
peting for a part of the limited aeronautical effort and 
facilities available and, while in the main they are 
expendable, they may prove useful stepping stones to 
other forms of air vehicle and in any event they will 
certainly help in the further development of high 
speed manned flight. In other words, just as the 
existence of the aircraft urged the development of 
nuclear weapons so will these unmanned air vehicles 
provide data to accelerate further development of the 
aircraft. 

The precision of automation and the dexierity of 
electronics are brought to a focus in supersonic vehicles 
of flight because human senses are not sufficiently 
sensitive, but the aeronautical engineer has a long 
outstanding problem to solve in low speed flight too 
and these same characteristics of automation and 
electronics will be features of the solution. Fog, that 
vile and persistent enemy of all forms of transport, is 
not as potent a master in air operations as it used to be 
but we have a long way to go before conquest is 
complete and final. 

In the quest for speed the hazard of poor visibility 
has taken second place and landing speeds have con- 
sequently increased in sympathy with cruising speeds. 
As we have already seen, long range, high speed and 
high loading taken collectively are conducive in civil 
Operations to high revenue; thus the operator finds it 
more attractive to demand a high cruising speed than 
to demand low landing speed. But a halt to this 
practice must be called and once again it would appear 
that the onus for giving this command is on. the 
aeronautical engineer, that is on the engine designer, 
the airframe designer, the electronics designer, the 
instruments designer, and so on, to demonstrate that 
landing speed and cruising speed need no longer remain 
dependent design parameters. 

Since Whittle’s first turbo-jet engine the specific 
weight of these engines has decreased to less than one- 
third and the specific thrust has increased by a factor of 
ten. Griffith’) has shown that lift by jet reaction is 
now possible and that this method of producing lift is 
more beneficial the faster the cruising speed of the 
aircraft. On the other hand Davidson? claims that wing 
lift coefficients could be increased many times by using 
the jet flap scheme he pioneered. Neither of these 
principles has yet been applied to an operational air- 
craft but there can be little doubt that with further 
engine development either scheme, or a combination of 
the two, could lead to a large increase in the ratio of 
current cruising to landing speeds. All engineers know 
that it is difficult to draw at a precise point a tangent to 
a circle, but relatively easy to draw a radial line to 
touch this point, yet in this supersonic age we still 
require the pilot during the landing manoeuvre to do 


t 
146 VOL 61 | 
wit 
his 
rec 
har! 
fort 
pro 
to 
of 
plac 
is i 
scie 
1 na 
but 
of 
wri 
hea 
tio 
suf 
one 
not 
 gres 
few 
thes 
sub 
virt 
‘ lea 
our 
to 
spec 
mia 
lect 
me 
lect 
join 
hel 
lect 
othe 
sta 
cre 
time 
thes 
Bra 
gro 
has 
for 
and 
der 
ind 
ma 
shor 
tefe 


with his aircraft what the engineer finds difficult with 
his pen. Whatever the final solution we should 
recognise now that engine power will need to be 
harnessed to the landing problem if we are ever to make 
fying independent of fog and mist. 

“Give me a stand outside,” said Archimedes, “And 
[| will move the earth.” It must, I am sure, be a com- 
forting thought to the aeronautical engineer, whose 
problems get more exacting the more science advances, 
to know that this long standing request of a great man 
of science has not yet been granted. 

A word about security would not perhaps be out of 
place. Actually, this subject cannot be out of place for 
is it not true to say that it is the combined efforts of the 
aeronautical engineer and the physicist, supported by 
scientists in all fields of science, that have placed aero- 
nautics right in the forefront not only of offence in war, 
but also of defence and, in consequence, we members 
of the Royal Aeronautical Society cannot be free to 
write as we will about our achievements. But I have 
heard some of our members say that security regula- 
tions preclude them from writing a paper which is of 
sufficient interest to their colleagues and although no 
one will wish to deny that security and free speech are 
not compatible, in the field of aeronautics where pro- 
gress is SO rapid, aeronautical information, which to the 
few is history, is to the majority knowledge and it 
therefore follows that as soon as any one of us is 
permitted to talk of his work this, no matter what the 
subject, must be news to the majority. Our Society in 
virtue of its very title and the fact that our daily labours 
lead to end products, is in itself a very good reason why 
our members cannot expect to be as free as their con- 
lemporaries in sister institutions, who are not so close 
to the military and do not necessarily deal with any 
specific end product. 

To leave this subject of lectures submerged in a 
miasma of security without referring to the Society’s 
lecture record of 1956 would be a gross injustice to 
members and particularly to the lecturers. Last year 47 
lecture sessions were held in London, including two 
all-day sessions and a two-day conference arranged 
jointly by the Society and the Institute of Physics was 
held at the College of Aeronautics. The number of 
lectures read before Branches was 162, excluding 53 
other meetings all with an aeronautical flavour. By any 
standards this is an excellent achievement and great 
credit is due to those who gave up so much of their own 
lime to the general education of others. If we add to 
these figures the lectures arranged by the Divisions and 
Branches of other Commonwealth countries — the 
growing status of the Society and the influence it now 
has in matters aeronautical can be gauged. 

Three additional Branches of the Society were 
formed in Great Britain in 1956, making a total of 27 
and all are established in areas where there is a large 
aeronautical population. The value to the aeronautical 
industry of the work of these Branches, and the efforts 
made by their local officers, are both factors which we 
should constantly have in mind and this leads me to 
refer to the recent expansion of the aeronautical industry. 

In 1932 the Society of British Aircraft Constructors 


held their first display of products manufactured by 
their members and it is interesting to note tha: 21 firms 
only took part, while last year, less than 25 yeass later, 
338 firms advertised their wares in the static portion of 
the equivalent exhibition. 

It would, I am sure, be wrong to deduce from these 
figures that the hard core of aeronautics which is com- 
prised of airframe and engine firms is now 16 times as 
large as it was in 1932. But I am equally confident that 
the figures do confirm that there is today round this 
core a close fitting annulus of industries with a strong 
aeronautical content and, in addition, a large outer 
fringe covering most of the remaining industries of the 
country. 

In 1932 the subjects of aerodynamics, structures and 
propulsion completely overshadowed all other 
disciplines in aeronautics, but today there are 
problems involving physics, metallurgy, chemistry, 
human engineering, electricity and electronics which, 
taken together, demand a greater effort in research, 
development and production for their solution than 
these classical subjects, despite the fact that they in 
themselves levy a heavier toll on the Country’s 
scientific and engineering man power than in the past. 

Great Britain’s aeronautical exports in 1956 reached 
a record high level and what is even more important, 
they were a sizeable part of the Country’s total exports. 
This news must have been welcomed by the nation as a 
whole but it was particularly good news to members 
of the Society because our members are the industries 
and the user’s employees or their potential employees. 
The Society’s news is good too. More than twice the 
number of new members were enrolled by the Society 
last year than in any previous year and it is most 
gratifying to note that a large percentage of them were 
in the Student and Graduate grades. I understand too 
that the College of Aeronautics enrolled more Students 
in 1956 than in any previous year. All in all therefore, 
and bearing in mind the speed record which we 
obtained early last year, we must conclude that 1956 
was both a good year for industry and for the Society. 
We must not, however, even for a moment, be 
complacent in times when so much around us is 
accelerating. 

There is no virtue or value in being a member of the 
oldest Society of our kind unless we keep it young, active 
and virile by recognising that progress in aeronautics 
today is infinitely quicker than at any time since 1866 
when the Society was founded; that the main stem of 
aeronautics now has many branches and more are grow- 
ing and that the science and engineering of aeronautics 
will continue to excite and to beckon. 

We are apprentices, aeronautical engineers, 
physicists, mathematicians, aerodynamicists, chemists, 
pilots, metallurgists, navigators, instrument systems 
and electronic designers; and we are also Companions, 
Students, Graduates, Associates, Associate Fellows and 
Fellows. On the one hand our endeavours are integra- 
ted and the results can be seen in the form of aerial 
vehicles and on the other hand, together we form a 
Society for the “Advancement of Aeronautical Art, 
Science and Engineering.” 
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We may work for a Military Service, the Aero- 
nautical Industry, the Civil Service or the aerial trans- 
port corporations, but whatever our job we will need 
all our courage and determination to meet the 
challenge: the aim is high but the reward, the 
satisfaction of a job well done, is even higher. 
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tools available to us in our work. I spoke earlier of “distilled 
wisdom.” I think you now know what I mean. 

I could go on at length with quotable extracts from this 
most admirable address but we have another function jp 
prospect and I must be brief. I cannot however close without 
paying to our President what is perhaps an unconventional 
tribute on such an occasion. I have a wider audience than | 
am likely to get again for my purpose so I wish to give him 
my personal thanks for the great work done by him on the 
Council and its Committees during his year of office—anq 
before it for that matter. It may not be generally realised how 
much work is involved but I can assure you that it is very 
heavy indeed. Mr, Jones has governed our deliberations for 
the benefit of our Society in a wise, tolerant and _ states. 
manlike manner and I for one am very grateful for his guidance 
and counsel. I have now the greatest of pleasure in proposing 
a vote of thanks to Mr. E. T. Jones for his 1957 Presidential 
Address. 


MR. P. A. HEARNE: In seconding this vote of thanks | am 


A 


reminded of an incident during the American Presidential forn 
A vote of thanks was proposed by Air Marshal Sir R. campaign. After a period of severe dissension in the Demo- __clall 
cratic Party the Chairman of the Republican Party made a 
OweEN Jones, K.B.E., C.B., A.F.C., B.A., D.LC., M.I.Mech.E.. men 
4 speech in which he confessed himself at a loss for words 
F.R.Ae.S., Member of Council, and seconded by Mr. P. A. suc 
HEARNE, D.C.Ae., D.L.C., Grad. R.Ae.S., Member of Council 
Stevenson which has not already been said by Estes Kefauver! can 
AIR MARSHAL SIR OWEN JONES: I am privileged to propose And, of ren there 7 nothing 1 — oer about Estes Kefauver don 
thi ; : : which has not already been said by Harry Truman!” There 
is vote of thanks to our President for his Address this even- 
: : : : y are of course two major differences tonight for as we all know 
ing. Presidential Addresses have not in the past always been 3 
our wes Mr. Jones was elected President whereas Mr, Stevenson wasn't, sma. 
g and my purpose is very much one of praise rather than 
one last year and one isolated Address was given a number of achi 
é ‘ denigration. Nevertheless there is little I can say about 
years ago. Those of us who heard Mr. Rowe’s Address last A . fe 
< : : eronautics which has not already been said by Jones the Nine 
year will have looked forward to this evening and how well we President! And there is little | can say about Jones th ‘ 
have been rewarded! I am perfectly certain that you will agree | 
President which has not already been said by Jones the 
with me in saying that the Presidential Address we have just Council Member. In fact I feel rather like the Junior Member | Joht 
tly of a firm of Solicitors, “Jones, Jones and Hearne,” whose name | Fari 
saieiilien e 8 appears on the note-paper but is seldom asked to speak to Ran 
P : : : clients. However, as the Junior Partner | think I may strictly, | 
From that you will gather that I am advocating an annual legally claim to be the present Chairman of the first of the | Pars 
Presidential Address and perhaps thereby tending to commit sections of the Society referred to by Mr. Jones. This is the | Rey 
future Presidents who are almost invariably busy men, to the Graduates’ and Students’ Section which was first founded as | 4 
compilation and delivery of such an address. But the benefit the Students’ Section 36 years ago in 1921, thus proving there ‘“™ 
to the Society would be enormous. While the normal lectures is nothing new under the sun, not even in the Royal Aero- chi 
on our programme have their great technical and interest value nautical Society. The members of this section are in the main Tye 
it is only in a Presidential Address that one can have access young men who have decided from an early age to make their ( 
in a short space of time to the distilled wisdom of a lifetime career Aeronautics. It is most encouraging to note the 
spent in Aeronautics, presented, moreover, in the wise and President’s remarks that a large percentage of the many new _ Jear 
thoughtful manner which we have so much enjoyed tonight. members joining the Society last year were Students and | gap 
But such an address is a considerable labour to compile Graduates. It indicates a most important trend which is 
and we owe a lot to Mr. Jones particularly as, during this same becoming very obvious to our Section Committee that, having Bern 
year, he has also presented his notable Blériot Lecture in Paris. chosen a career in Aeronautics, new entrants to industry are Leib 
Two such efforts in one year are a great achievement deserving recognising the present and future importance of the Society as fami 
our unreserved thanks. their professional body. I say future importance because the h 
There is no discussion to follow this address but I must sparkling panorama, or perhaps I should truthfully say 10US 
mention one or two points which I think should be marked, cosmos, which the President has so lucidly described, means T 
learnt and inwardly digested by all of us. Take the President's that great advances will occur which in turn means great 54: 
phrase “Complexity is but a relative term.” How true that is. changes in our industry and therefore in our Society. Stud 
New complexity is a frightening thing but I think that the It was flattering to read recently in the Manchester Guardian tud 
fright most affects we older hands in the game and is not that the percentage of persons with higher education in the | said: 
nearly so appalling to the youngsters. How often one hears total labour force of the aircraft industry was considerably | « 
the cry that modern aircraft and weapons systems are getting higher than in any other industry in the United Kingdom. | | L 
beyond the capacity of the normal man to service. I don’t think this fact serves to emphasise the important role which | 0D 
believe it. I rememter the same cry from old flight sergeants the Society can play in future developments in Aeronautics not _ skill, 
when retractable undercarriages first came into the Service. only in this country but throughout the world. Mr. Jones new 
But we managed to cope all right and I think we shall go on stressed the interdependence of advances in military and civil | ~ 
coping. I think that the reason we shall go on coping is that aviation and he mentioned the need for technical advance to | “len 
the youngsters of succeeding generations start their apprecia- reduce civil aircraft costs. To that I would like to add the “ 
tion of things technical on successively higher planes. Our need to provide civil aircraft which in terms of technical | 4), 
fathers at the age of 15 played with rather crude steam engines advance itself, such as comfort, systems, radio and the myriad publi 
with oscillating cylinders. We at the same age built and flew of advanced aeronautical engineering features are fully com- | locke 
our elastic powered model aircraft but our sons of 15 can petitive with those of all other nations. I believe that it is this T 
very quickly put us straight on what exactly goes on inside spirit of competition whch we must match across the world in | 
Calder Hall! My quotation from the address was “ Complexity all spheres of aviation, civil and military, To do that we must | ‘0 
is but a relative term”—I think that is a real piece of wisdom. sit down and think fundamentally from time to time atout f dy y 
Take again the President’s phrase “The precision of auto- what we have done and what we are trying to do. It is Just | not 
mation and the dexterity of electronics.” What an expressive that kind of thinking which Mr. Jones has expressed to us S0 
phrase! These few (almost poetic) words encompass a huge well tonight and I have the greatest of pleasure in seconding 
field of endeavour and most adequately define two of the newer this vote of thanks. — 
‘The 
of 
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As inhabitants of the earth we are living at the very beginning of Time. We 
have come into being in the fresh glory of dawn, and a day of almost unimaginable 
length stretches before us with imaginable opportunities for accomplishment. 


Sir JAMES JEANS. 


The Dawn of Aerodynamics 


by 


J. LAURENCE PRITCHARD C.B.E., Hon.F.R.Ae.S., Hon.F.1.A.S., M.R.I. 


INTRODUCTION 


§ INDIVIDUALS, those who have been born and 

bred and nurtured in the long, unique and 
formative tradition of the British people may justly 
claim a pride in their scientific and technical achieve- 
ments over the years which cannot be claimed in 
such measure by any other nation. It is a claim they 
can make as proudly this very day as they could have 
done over the past three hundred years. 

In the main, this paper is concerned with but a 
small, although not unimportant, part of the scientific 
achievement of the Seventeenth, Eighteenth and 
Nineteenth centuries. It was a_ period, in Great 
Britain, of such giants as Isaac Newton, James Watt, 
John Dalton, Robert Boyle, Henry Cavendish, Michael 
Faraday, Charles Darwin, Clerk Maxwell, W. J. M. 
Rankine, Lord Kelvin, Lord Rayleigh, Sir Charles 
Parsons, Prescott Joule, C. G. Stokes, Osborne 
Reynolds, Sir J. J. Thomson, C. Babbage, F. W. 
Lanchester, and so many others whose ideas and 
achievements have changed the face of the world in this 
Twentieth century of application. 

On the Continent, in those astonishing three hundred 
years, there strode across the panoramic field of 
science, d’Alembert, Huyghens, Johann and David 
Bernoulli, Euler, Lagrange, Poisson, Gauss, Pascal, 
Leibnitz, Helmholtz, Kirchhoff, Mach . . . names as 
familiar in the mouths of Twentieth day scientists as 
household words. 

There are many more, too, whose names are not so 
familiar. Julian Huxley, writing of C. Singer’s 
Sudies in the History and Method of Science in 1921, 
said: 

“Why was it-——it is the first question we ask— that 


| Leonardo da Vinci, in spite of consummate technical 


kill, the invention of new methods, the enunciation of 
tew principles and theory, had so little influence on 
sience, while Galileo had so much? 

“To which the answer is that Galileo was always 
publishing and discussing his results, while Leonardo 
locked his up in his notebooks.” 

This paper is concerned with the flow of air over 
Various shapes, and its effects as measured or observed 
by various experimenters before the year 1903. It is 
Not concerned with aerodynamic theory nor with fluid 


‘The substance of papers read before the Belfast, Bristol, Isle 
of Wight and Cheshire Branches of the Society, and on 
behalf of the History and Philosophy of Science Committee 
at the University of Cambridge, 1956-1957. 
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motion in general. But I may recall that in the year 1930 
R. V. Southwell read the James Forrest Lecture at the 
Institution of Civil Engineers under the title “Aero- 
nautical Progress, 1914-1930 

In that Lecture, he remarked, “I shall suggest that 
the kernel of all we yet know of fundamental aero- 
dynamic theory was there to read in 1914...” 

One might add, in 1894, if Lanchester had been 
listened to. 

It was Southwell, in his 1930 Lecture, who main- 
tained that ballistics was a branch of aerodynamics. It 
was in agreement with this viewpoint that much of the 
early part of this paper was written. In this third 
quarter of the Twentieth century, aerodynamics has 
still a dominant ballistic motive which may well presage 
a Red sunset to a dawn that has lasted well over 2,000 
years. Maybe we shall get over “this adolescent period 
of aerodynamic science” and live to see another 
dawn. 

Aerodynamics has not been too well served in its 
definitions. The word seems to have appeared some- 
time during the first quarter of the Ninteenth century. 
The Oxford Dictionary explains that it is the branch of 
pneumatics which treats of air and other gases in 
motion, and their mechanical effects. 

Milne-Thomson, in his book Theoretical Aero- 
dynamics”*, defines the science of aerodynamics as 
being concerned with the motion of air and of bodies 
moving through the air and, in particular, with the 
motion of aircraft. Sir William Farren, in his 1956 
Wilbur Wright Memorial Lecture on The Aerodynamic 
Art**’, with that easy familiarity bred of long 
experience with his subject, treated it as the upstart 
child of the Mechanics of Fluids which has broken away 
from its parents to become, to quote his own words, 
“the foundation on which we build aircraft, as did the 
Wright Brothers.” 

I owe to Dr. Hugh L. Dryden*, himself an historical 
and pioneering figure in the field of aerodynamics of 
the Twentieth century, a considerable debt for sending 
to me a copy of a paper he had written in May 1954. 
It had the intriguing title Supersonic Travel within the 
last Two Hundred Years*'’. His paper was a 
challenge I could not refuse, although I was too well 
aware that he had the overwhelming advantage of 
knowing what he was writing about. I can only plead 


*Whate’er he did was done with so much ease, 
In him alone ‘twas natural to please. 


John Dryden (1631-1700). 
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that I have tried to place on record something of the period his authority had become almost as unquestioned 
earlier attempts to find out what the atmosphere does to as that of the Church, and in science, as well as in flig 
objects which try to pass through it, and have refrained philosophy, had become a serious obstacle to progress ast 
from the technical comment. Ever since the beginning of the Seventeenth century. ‘ 
Daniel Webster, in his speech on laying the corner almost every serious intellectual advance had to begin eff0 
stone of the Bunker Hill Monument on 17th June, with an attack on some Aristotelian doctrine.” imp 
1825, said: The study of aerodynamics began with ballistics | yho 
“Knowledge, in truth, is the great sun in the firma- Aristotle was the first man to discuss what happened matl 
ment. Life and power are scattered with all its beams.” when a body moved through the air, in particular a — yew 
Perhaps the aerodynamic dawn has not yet projectile. He argued that if a body moved, then some —« 
broken? other body must be moving it, and stated that wheng 
projectile was fired a vacuum was caused behind jt. 7 
1.2. PIONEERING INSTRUMENTS OF AERODYNAMIC As Nature abhors a vacuum, Aristotle declared that the = 
RESEARCH air kept rushing in to fill the one created by the moving ys 
The dominant instrument of aerodynamic research projectile, and so kept it moving farther alone. my 
between the years 1745 and 1900 was the so-named I quote from one of the more interesting books about 
whirling arm or whirling table. In essence, the object Aristotle, Mathematics in Aristotle, by Sir Thomas 
whose resistance was being measured, or a model or Heath, F.R.S. at | 
part of it, was fixed at the end of the arm, which was “Aristotle insists that the first movement (in the . * 
moved round in a circular horizontal track. case of anything thrown, being the thrower) must com. ™™P 
The actual construction of the arm, its length, municate to the air, the water, or whatever it is, the S 
height from the ground, its rigidity, and under what power to move the object thrown. The air does not | time 
conditions it was used, were all important factors in merely follow the object thrown in its motion, but it the 
obtaining and assessing results. Nearly all such arms gives what comes next (presumably more air) power to "4 
were operated in the open air, so that it was necessary cause motion as well as to move’’’’”? m 
to carry out experiments in a calm. Temperature, Leonardo da Vinci (1452-1519) went one better, , math 
barometric readings, humidity, all had to be measured although still under the influence of Aristotle. He | be t 
and taken into account, although few experimenters assumed") the air was compressed so much under | trust 
appear to have done so. the wing of a bird when it was flying that the bird was, | the 1 
After the arm has been moving for a few turns, the practically speaking, being supported on a_ newly | cesse 
air through which it has passed is no longer in a State formed solid surface as it moved along. error 
of rest, so increasing the difficulty of accurate measure- It was not until Galileo (1564-1642) began his | and 
ments. It is all the more astonishing, therefore, that the investigations that Aristotle was toppled off his two | begin 
results obtained should have been reasonable enough thousand year old philosophical perch. Although Ir 
for practical pioneering purposes. Galileo had the right idea he got the wrong answer, but | gives 
L. A. Thibault, in 1826”, in his paper on air it must be remembered that right ideas bring more} hede 
resistance discussed the inaccuracies, as did T. E. historical recognition than wrong answers. He dropped ae 
Stanton, of the National Physical Laboratory in 1909"! various objects from the top of the Tower of Pisa to | ued 
and many others in between. find their resistances and stated that the resistance | is abs 
It was not until the second half of the Ninteenth varied directly as the velocity. Perhaps Galileo leaned | theor 
century that the first primitive wind tunnel was made, too far to the left, a not uncommon attitude even in | this 5 
on behalf of the Council of the Aeronautical Society, in these days. Galileo appears to have had an idea that L: 
1870. It was followed by the remarkable wind tunnel his answer wasn’t quite right at high speeds. It was} “) ng 
of Horatio Phillips of 1884. The superiority of the wind Huyghens (1629-1693), the son of a poet and perhaps } joys 
tunnel over the whirling arm in many respects, was the greatest physicist of his time, who first showed } part , 
recognised, although its development and use has been experimentally that the resistance varied more as the } haye 
one of the slow things in aviation. square of the speed and then, to quote Alexander Pope: } deser, 
It is not unreasonable to declare that the wind “Nature and Nature’s laws lay hid in night, indep 
tunnel made in 1901 by the Wright Brothers, simple as God said Let Newton be! and all was light.” | impor 
a played a decisive nae their success of 1903. Not quite all, but the Dawn was beginning to break. Lc 
For it gave them more reliable data than had been Mies 
obtained by the whirling arms of Lilienthal upon which _— hiew 
they had first relied. saac Newton wid 
2.1. ISAAC NEWTON’S SIN? LAW . 
1.3. THE BALLISTIC BEGINNINGS Much has been written incorrectly about Sir Isaac} B 
No paper concerned with scientific beginnings can Newton and the so-called sin? law. Newton (1642-172/) lirect 
ignore Aristotle (389-322 B.C.). has been blamed, indeed, for having delayed the pro- late 
“He came at the end of the creative period of Greek gress of aeronautical development for a least half ieloci 
thought,” says Bertrand Russell'**’, “and after his death century) by suggesting that the lift on a plane at an relwe 
it was two thousand years before the world produced angle z to the air stream varied as sin?z. I quote afew} “A 
any philosopher who could be regarded as of the incorrect statements about what Newton did no! Sancti 


approximately his equal. Towards the end of this long say. depen 
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Sir Hiram Maxim, in his Artificial and Natural 
flight, published in 1908, displayed a very deep dis- 
aste for Newton and mathematicians®”’, 

“Up to twenty years ago,” he wrote, “Newton’s 
eroneous law as relates to atmospheric resistance was 
implicitly relied upon, and it was not the mathematician 
who detected its error: in fact we have plenty of 
mathematicians today who can prove by formulae that 
Newton’s law is absolutely correct and unassailable. . . . 

“it is a fact, without any question, that the lift- 
ing effect of an aeroplane (i.e. aerofoil), instead of 
increasing as the square of the sine of the angle. only 
increases aS the angle. Lord Kelvin, when he visited 
my place was, I think, the first to mention this, and 
point out the fallacy of Newton’s law, and other 
experimenters have found that the lifting effect does 
not increase as the square of the sine of the angle.” 

Maxim added that Lord Rayleigh had made some 
simple experiments which confirmed this statement. 

S. P. Langley, an excellent experimenter and at one 
time the Secretary of the Smithsonian Institution, in 
the Introduction to his work Experiments in Aero- 
dynamics, published in 1891, wrote *"’, 

“.. but here it is important to remember that the 
mathematical method as applied to physics, must always 
be trustworthy or untrustworthy, according to the 
trustworthiness of the data which are employed; that 
the most complete presentation of symbols and _ pro- 
cesses will only serve to enlarge the consequence of 
etror hidden in the original premises, if such there be, 
and that here, as will be shown, the error as to fact 
begins with the great name of Newton himself . . .” 

In the final chapter of his work, in which Langley 
gives a Summary of his experiments and their results, 
he declared, 

“It has also shown that for small angles most 
wed in actual trial of the plane, the pressure on it 
isabout 20 times greater than that assignable from the 
theoretical formula derived from Newton’s discussion of 
this subject in the Principia.” 

Langley added that he did not claim that this was 
“a new contribution to knowledge, since it had pre- 
viously been obtained by experimenters in the early 
part of this century; but as their results appear not to 
have met with general attention or acceptance they 
deserve, it is not superflous either to produce this 
independent experimental evidence or to urge its 
importance.” 

Lord Rayleigh, in his Wilde Lecture**’ read to the 
Manchester Literary and Philosophical Society in 
February 1900, on the Mechanical Principles of Flight, 
said, 

“Before we can advance a step in the desired 
lirection we must know how the normal pressure is 
lated to the size and shape of the plane, to the 
‘locity of the motion, and above all to the angle 
tween the plane and the direction of motion. 

“According to an erroneous theory, to some extent 
unctioned by Newton, the mean pressure would 
pend only upon the area of the plane and the 
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resolved part of the velocity in a direction perpen- 
dicular to the plane, that is; 


sin? where p=density. 


“That this formula is quite erroneous, especially 
when z is small, has long been known.” 

Giacomelli and Pistolesi, in their paper printed in 
Volume | of Durand’s Aerodynamic Theory’? deal 
with the charge against Newton at some length, a 
charge, they point out, “which served at the beginning 
of the XIXth century, to demonstrate mathematic- 
ally the impossibility of flying and by reason of which 
Newton has been blamed for having delayed aviation at 
least half a century.* 

“Now the demonstration by the sine squared law 
of the impossibility of flying and the blame thrown 
upon Newton on this account, first noted by Villamil‘*”, 
were but the effects of a misunderstanding which con- 
sisted in applying to the air deductions which were not 
valid for it, as Newton in this proposition did not con- 
sider air or any other actual fluid, but rather a rarefied 
and frictionless hypothetical medium.” 

Giacomelli appears to have overlooked the work of 
John Robison (1739-1805) who defended Newton in 
his great four volume work A System of Mechanical 
Philosophy” published in Edinburgh in 1822. 

“Sir Isaac Newton,” wrote Robison, “was the first 
(as far as we can remember) who attempted to make 
the motions and actions of fluids the subject 
of mathematical discussion. . . . He figured to himself 
a hypothetical collection of matter which possessed the 
characteristic property of fluidity, viz., the qudqudversus 
propagation of pressure and the most perfect inter- 
mobility (pardon the uncouth term) of parts, and which 
formed a physical whole or aggregate, whose parts 
were connected by mechanical forces, determined both 
in degree and direction and such as rendered the 
determination of certain important circumstances of 
their motion susceptible to precise investigations. And 
he concluded that the laws which he should discover 
must have a great analogy with the laws of the motions 
of real fluids: And from this hypothesis he deduced a 
series of propositions which form the basis of almost 
all theories of the impulse and resistance of fluids which 
have been offered to the public since his time. 

“It must be acknowledged that the results of this 
theory agree but ill with experiment, and that, in the way 
in which it has been zealously prosecuted by subsequent 
mathematicians it proceeds on principles or assumptions 
which are not only gratuitous but even false. . . .” 

Robison gives particulars of some experiments and 
continues, 

*As an example R. T. Jones‘*5) in his paper read at the 
Brooklyn High Speed Conference in January 1955 quoted 
J. B. Rathbun as follows: “ Prior to Professor Langley's first 
experiments in 1887, mechanical flight with an heavier-than-air 
machine was derided as an impossibility even by such scientists 
as Navier, von Helmholtz, Gay-Lussac, and others who 
proved by the most intricate calculations that a body larger 
than a bird could not be supported by its own energy... 
To quote one classic absurdity, the scientist Navier proved 


mathematically that if mechanical flight were possible, then 
17 swallows would be capable of developing one horsepower.” 
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“Newton had himself pointed out all the defects of 
his theory: and he set himself to work to discover 
another which should be more conformable to the 
nature of things. . . . Even in this he seems to have 
been mistaken by his followers. He retained the pro- 
portionality of the resistance to the square of the 
velocity. This they have endeavoured to demonstrate in 
a manner conformable to Newton’s determination of the 
oblique impulses of fluids: and under the cover of 
the agreement of this proposition with experiment they 
introduce into mechanics a mode of expression, and 
even of conception, which is inconsistent with all 
accurate notions on the subjects. 

“Newton’s proposition was, that the motions com- 
municated to the fluid, and therefore the motions lost 
by the body, in equal times, were as the squares of the 
velocities: and he conceived these as proper measures 
of the resistances. . . .” 

Robison blames those who followed Newton for 
drawing a false conclusion from what he said and who 
can say they do not deserve the censure given to them? 
Robison’s work gives a most excellent account of what 
Newton really said and did and should be read to get 
the record straight. 

To come to more modern times, F. W. Lanchester 
was a staunch defender of Newton. In his Aero- 
dynamics®® he wrote, “Newton was careful to specify 
the nature of the medium essential to the rigid applica- 
tion of his method (Prop. 34, Book 2, Enunciation); 
subsequent writers have unfortunately not been so care- 
ful, and error has resulted.” The opening words of 
Proposition 34, in the original Latin, are given in Fig. 1. 

Lanchester particularly draws attention to Langley’s 
Experiments in Aerodynamics, and Langley’s claim to 
disprove ‘the assumption made by Newton that the 
pressure on the plane varies as the square of the 
sine of its inclination,” and elsewhere he (Langley) states 
“ Implicitly contained in the Principia, prop 34, Book 2.” 

“Now whatever Langley’s experiments prove or 
disprove,” wrote Lanchester “the assumption he 
attributes to Sir Isaac Newton is one that he did not 
make, and nothing of the kind is implicitly contained in 
the proposition to which reference is made.” 

The italics are Lanchester’s. 


2.2. NEWTON AND THE SLICED BALL 

The question has often been asked by golfers why 
a ball, when sliced, takes the flight path it does, The 
problem was discussed by Lanchester in his Aero- 
dynamics, published in 1907. As a matter of historical 
interest, and as a footnote to Section 2.1, I include in 
this paper the following. 

In a letter to the Secretary of the Royal Society, 
printed in the Philosophical Transactions No. 80 (19th 
February 1671/72), Newton who was giving particulars 
of his new theory on Light and Colour, wrote”: 

“Then I began to suspect whether the rays, after 
their trajection through the prisme, did not move in 
curve lines, and according to their more or less curvity 
tend to diverse part of the wall. And it increased my 
suspicion, when I remembered that I had often seen a 
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se redduntur minus liber: : _s, 0b minorem medii fluidi- 
.atem, erit major quam in superioribus corollariis. 


PROPOSITIO XXXIV. THEOREMA XXVIII. 


Si globus & cylindrus equalibus diametris descriptt, in medio raro ex 
particulis equalibus & ad aquales ab invicem distantias libere dis- 
positis constante, secundum plagam axis cylindri, equal cum veloci- 
tate moveantur ; erit resistentia globi duplo minor quam resistentia 
cylindri, 


Nam quoniam actio medii in corpus eadem est (per legum corol. 
5) sive corpus in medio quiescente moveatur, sive medii particula 
eadem cum velocitate impingant in corpus quiescens : consideremus 
corpus tanquam quiescens, & videamus quo impetu urgebitur a 
medio movente. Designet igitur 4 2 A’ / corpus sphzricum centro 
C semidiametro CA descriptum, & incidant particule medii data 
cum velocitate in corpus illud sphwricum, secundum rectas ipsi A C 
parallelas: sitque #B ejusmodi recta. In ea capiatur ZB semi 
diametro C2 xqualis, & ducatur qux sphxram tangat in 
In KC& BD demittantur perpendiculares BL, LD, & vis qua par- 
Figure 1. The opening of Proposition 34 of 

Newton's Principia. 


tennis ball, struck with an oblique racket, describe 
such a curve line. For, a circular as well as a progressive 
motion being communicated to it by the  stroak, its 
parts on that side, where the motions conspire, must 
press and beat the contiguous air more violently than 
the other, and there excite a reluctancy and reaction of 
the air proportionately greater.” 

F. W. Lanchester in his Aerodynamics“ explained 
the action of the air when meeting a spinning ball in 
motion. Magnus, too, pointed out that if a spinning 
ball moving through the air produced, because of its 
spin, a higher velocity on one side than on the other, 
then there would be a lateral force on it causing it to 
move in a curve. 


3. Benjamin Robins 

The first man recorded as using a whirling arm was 
Benjamin Robins (1707-51), that brilliant, short-lived 
mathematicran, who became famous in the history of 
ballistics. 

Elected a Fellow of the Royal Society at an earl 
age, he read a paper®) entitled New Principles oj 
Gunnery on 14th and 21st April 1743, before the 
Society. This paper was part of a treatise he was pre: 
paring on the force of gunpowder and the resistance of 
the air to projectiles and other bodies moving through 
it. 

It was not until 12th June and 19th June 174 
that he was able to follow up the first part of his treatise 
with papers on the Resistance of the Air and Exper: 


ments Relating to Air Resistance“, papers which | 


deserve more attention than they have received from 
those interested in aerodynamics. 

At that time many scientists and gunnery exper 
believed that the resistance of the air could be 
neglected to a large extent, and in consequence there 
were considerable errors in the theory and practice of 
gunnery. Robins has often been called the “Father of 
Gunnery” for his pioneer and revolutionary work 01 
the subject. 

The backroom boys of the eighteenth century dis: 
creetly kept in the background until Robins, who 
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disputed theories almost as a matter of course, threw 
down the gauntlet at his first lecture on 12th June 
1746, when he declared: “If it were necessary, a large 
catalogue of geometers of note might be here pro- 
duced, who have asserted in their works that, in the 
operation of gunnery, the resistance of the air was too 
minute to merit attention. I am fully satisfied that the 
resistance Of the air is almost the only source of the 
numerous difficulties which have hitherto embarrassed 
that science.” 

Robins explained that he had carried out many 
experiments to check the V*° law of resistance, but 
declared that at high speeds the law did not appear to 
be true. “But how much this variation amounts to, and 
how it is adapted to the different velocities of the 
resisted body is not easy to ascertain... .” 

He added that the law seemed correct for velocities 
under 1,100 ft. per sec., but then began to increase, to 
approach V*. In a footnote to his paper he wrote: 

“As I have forebore to mix hypothesis with the plain 
matters of fact deduced from experiment, I did not 
therefore animadvert on this remarkable circumstance, 
that the velocity at which the moving body shifts its 
resistance is nearly the same with which sound is 
propagated through the air. Indeed, if the treble 
resistance in the greater velocities is owing to a vacuum 
being left behind the resistant body, it is not unreason- 
able to suppose that the celerity of sound is the very 
least degree of celerity with which a projectile can form 
this vacuum, and can in some sort avoid the pressure of 
the atmosphere on its hinder parts. . . . But the exact 
manner in which the greater and lesser resistances shift 
into each other must be the subject of further 
experimental enquiries.” 

This was indeed a remarkable statement for 200 
years ago. Sometimes one wonders how many in aero- 
nautics believe it is a twentieth century discovery. 


Figure 2. Robins’ 
ballistic pendulum. 
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One of the greater difficulties experimenters had to 
consider in the eighteenth century was the lack of a 
convenient, usable form of power for certain of their 
experiments. The steam engine, which was to provide 
it in the first place, did not make its practical appear- 
ance until towards the end of the century. 

Robins in his early experiments, soon became aware 
of the discrepancy between theory and practice. He was 
very much concerned with the flight of projectiles at 
subsonic, sonic, and supersonic speeds, and his first 
experimental apparatus was devised to find not only the 
speed of a projectile at various points in its flight path, 
but how that speed differed from what theory assigned 
to it. 

It is astonishing how simple, and so often how efficient, 
research apparatus can be when necessity demands its 
invention. Such apparatus, too, often goes to the 
fundamental roots of the problem, the absolute 
essentials unstifled by the over-laying of complicated 
modern research tools. 

“The simplest method,” said Robins, “is by means 
of an instrument (See Fig. 2) . . . being the same with 
what is vulgarly used in the weighing and lifting of very 
heavy bodies, and is called by workmen the triangles.” 

The apparatus consisted of a pendulum EFGHIK 
suspended on a crosspiece EF passing through sockets 
Rand S. The pendulum was made of iron, and on the 
bob was screwed a thick piece of wood GHIK. The 
brace OP has fixed on it a small metal clamp UN, 
through which passes a narrow ribbon LMW. The 
friction hold of the clamp on the ribbon was the 
minimum possible to prevent slipping. 

“This instrument, thus fitted,” said Robins, “if the 
weight of the pendulum be known and likewise the 
respective distances of its centre of gravity and of its 
centre of oscillation from its axis of suspension, it will 
thence be known what motion will be communicated 
to this pendulum by the percussion of a body of known 
weight moving with a known degree of celerity and 
striking it in a given point; that is if the pendulum be 
supposed at rest before the percussion it will be known 
what vibration it ought to make in consequence of such 
determined blow; and, on the contrary, if the 
pendulum, being at rest, is struck by a body of known 
weight, and the vibration which the pendulum makes 
after the blow is known, the velocity of the striking 
body may from thence be determined. . . .” 

The extent of the movement of the pendulum was 
measured by the length of the ribbon NL before and 
after a bullet had struck the wooden bob. This was the 
famous ballistic pendulum which owed its origin and 
use to Robins. 

Robins made many experiments of firing bullets of 
known weight at different speeds and distances from 
the pendulum to compare actual speeds with those 
given by theory. One of his early conclusions was “The 
track described by the flight of shot or shells is neither 
a parabola, nor nearly a parabola, unless they are 
projected with small velocities.” 

In his lecture of 19th June 1746, Robins described 
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FIGURE 3. 


Robins’ whirling arm 
1746. 
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matters. 
f “The proposition which | 
advanced for this purpose 
being, that two equal surfaces 
{ r meeting the air with the same 
| degree of obliquity, may be so 


the experiments which he had made with his whirling 
arm. 

Figure 3 shows the original drawing of 1746. In his 
description of the apparatus it is clear that Robins made 
allowance for many possible errors of measurement, 
and took what precautions he could to lessen any 
friction or drag of the whirling arm itself, which, he 
said “is cut very thin, and cut feather edged, and at its 
extremity there is a contrivance for fixing on the body 
whose resistance is to be investigated.” 

It must be remembered that Robins had already 
obtained results from high speed flight tests and these 
were to compare the subsonic speed resistances with 
theory. 

Round the central upright post was wound a cord 
passing over a pulley and supporting a weight forming 
the motive power for turning the whirling arm. I quote 
from Robins’ own description, “and whilst the resist- 
ance on the arm GH and on the body P is less than the 
weight M, that weight will accelerate its motion and 
thereby the motion of GH and P will increase, and con- 
sequently their resistance will increase, till at last this 
resistance and the weight M become nearly equal to 
each other. The motion with which M descends and 
with which the body P revolves will not sensibly differ 
from an equable one. Whence it is not difficult to con- 
ceive, that by proper observations made with this 
machine, the resistance of the body may be determined.” 

Robins’ experiments were carried out not only to 
check his theory of the drag of cannon balls in flight, 
but because of the difficulties of persuading fellow 
mathematicians to accept his ideas. 

“IT have only now to add, that, as I suspected, the 
consideration of the revolving motion of the bullet, 
compounded with its progressive motion, might be 
considered as a subject of mathematical speculation, 
and that the reality of any deflecting force, thence 
arising, might perhaps be denied by some computists 
upon the principles hitherto received of the actions of 


differently resisted that. though 

in one of them the resistance is 
less than that of a perpendicular surface meeting the 
Same quantity of air, set in the other it shall be 
considerably greater. 

“To make out this proposition I made use of the 
machine described in the first part of this paper.” 

These experiments were in the true spirit of the 
research scientist. Robins constructed a 
pyramid, with a 4 in. square base and sides at 45 , and 
tested it on the whirling arm, apex forward and base 
forward in turn. He carried out similar tests on a flat 
oblong plate of the same area as the faces of the 
pyramid, at an angle of incidence of 45 , and found for 
the first time in aerodynamic’ investigation, — that 
differently shaped bodies, though presenting the same 
area to the air stream, did not necessarily have the 
Same resistance. 

Finally Robins tested an oblong plate, also at an 
angle of 45° to the air stream, with the long and short 
sides in turn as the leading edge, to find the resistances 
differed considerably.* 


pasteboard | 


“As to cause of this extraordinary inequality,” he | 


said, “it is not my business at present to enlarge nor 
have I indeed yet completed all the experiments | 
have projected on this subject. However, thus far maj 
be easily concluded, that all the theories of resistance 
hitherto established, are extremely defective, and thal 
it is only by experiments analogous to those here recited. 
that this important subject can ever be completed. 

“IT say important subject: for surely a matter, on 
the right knowledge of which all true speculations on 
shipbuilding and sailing must necessarily depend, cat- 
not but be deemed, in this country at least, of the 
highest importance, both to the public interest of the 
nation and the general benefit of mankind.” 

Fundamental things do not change with the passing 
of the years, although they may be overlaid for a time 
by the equivocations of expediency. Research of 4 


*See footnote on Bishop Wilkins, Section 5. 
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FigURE 4. Smeaton’s whirling arm, 
1759, showing windmill model sails 
under test. 


fundamental nature is of more 
importance today, and words 
spoken over two hundred years 
ago before a great scientific | 


Society apply with greater | 
emphasis in these days. 
Robins did not live long 


enough to do the experiments 
he had outlined, or we might 
have known more about air 
pressures at a much earlier 
date than we did, and have 
advanced the cause of aviation, 


4, John Smeaton 

The lighthouse, the bridge, 
sailing vessels, windmills and 
buildings. have long been the 


BVI 439., 


Miles Trans Ved hi i 


subjects of considerable inter- 
est from the point of view of 
structural strength and efficiency against wind pressures. 
Their outside shapes were largely dependent upon 
experience for many years, and only a little upon aero- 
dynamic research methods, for there was little. Indeed, 
as late as beginning of the Eighteenth century, the 
pressure, in terms of speed of the wind and surface area, 
was for all practical purposes, either unknown or an 
uncertain quantity. 

John Smeaton (1724-1792) was famous in that 
century for his work in connection with mills, wind and 
water. He is remembered for his construction of the 
third Eddystone Lighthouse, which he built in 1755 and 
which remained in use until 1882. It was then only 
removed because of the crumbling of the rocks on 
which it stood. Smeaton was also responsible for many 
well known bridges, for the construction of Ramsgate 
Harbour, the Forth and Clyde Canal and other 
engineering works. 

For his paper on water and wind power for driving 
mills and other machines, he was awarded the Copley 
Medal of the Royal Society. That part of his paper", 
tad in 1759, concerning windmills, begins with the 
significant passage: 

“In trying experiments on windmill sails, the wind 
self is too uncertain to answer the purpose: we must 
therefore have recourse to an artificial wind. This may 
be done in two ways; either by causing the air to move 
against the machine, or the machine to move against 
the air. To cause the air to move against the machine, 
ina sufficient volume, with steadiness and the requisite 
velocity, is not easily put in practice. To carry the 
machine forward in a right line against the air, would 
tequire a larger room than I could conveniently meet 
with. What I found most practicable, therefore, was to 
tarry the axis, whereon the sails were fixed, 


progressively round in the circumference of a large 
circle.” 

About the time Smeaton made his experiments on 
windmill sails there were some 10,000 windmills in 
England alone’**’. They were inefficient, used chiefly for 
pumping water and, at the best developed low horse- 
powers, of the order of not more than four or five in 
the usual prevailing winds. It is of interest to note that 
today, as a result of modern aerodynamic research and 
of the ever-increasing demand for power, windmills 
have been developed of over 100 h.p. for the generation 
of electrical power 

Smeaton carried out a number of experiments with 
his windmill models during 1752/53, putting the results 
he obtained into practice. He delayed giving his paper 
to the Royal Society for six years, so that he could 
assure the Society that he had found this method of 
obtaining data for full scale work was satisfactory. 

He determined in this way the power output for a 
given wind velocity, size of mill and setting of the sails. 
As an example he stated that for a mill with sail 
length of 30 ft. the output was about 34 h.p. for a wind 
speed of 8} m.p.h. 

Figure 4 shows Smeaton’s balanced whirling arm 
FG, with the experimental model of windmill sails at 
the end of the arm, and balance weight W at other 
end. The sails were free to turn on their own axis when 
the whirling arm was set in motion. Attached to a small 
barrel on the axis of the sails is a cord JONML 
which passes over pulleys and raises a weight P between 
guides as the cord winds round the barrel, so indicating 
the power of the sails. 

A larger barrel H on the central vertical axis DHE 
of the whole apparatus, provides the power for moving 
the whirling arm round. VX is a metronome which can 
be adjusted to vibrate to any period required. For these 
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experiments it was so adjusted as to make two beats in 
the time it took the arm FG to make one turn. The 
main cord was pulled by the experimenter and 
Smeaton stated, “A little practice renders it easy to 
give motion thereto with all the regularity that is 
necessary.” Each sail was 18 in. long by 5:6 in. wide, 
and could be set at any angle required for the 
experiments. 


Smeaton, summing up his experiments in general 
terms, made these observations: 


1. That when the wind falls upon a concave surface, 
it is an advantage to the power as a whole. 

2. That a broader sail requires a greater angle; and 
when the sail is broader at the extremity, than near 
the centre, this shape is more advantageous than 
a parallelogram. 

3. That beyond a certain degree, the more the area 
is crowded with sail, the less effect is produced in 
proportion to the surface. He commented on this 
“So that when the whole cylinder of wind is inter- 
cepted, it does not then produce the greatest effect 
for want of proper interstices to escape.” 


It is probable that Smeaton was the first man to state 
that a curved surface had a better lift (in effect) than 
a plane one, as a result of experiment. 

In history a man often receives credit for something 
he did not do, even when he has made no claim to have 
done it. For over a hundred and fifty years John 
Smeaton has been credited with the first table giving the 
relationship between wind pressure and speed. As late 
as 1953, a reference is made in the Papers of Wilbur 
and Orville Wright’ as follows: 

“The generally accepted value of k (p= ksv? where 
p is in pounds, s in sq. ft. and v7 in m.p.h.) was 
0-005, called Smeaton’s coefficient after John Smeaton, 
who in 1759 submitted to the British Royal Society a 
table of wind pressures based on experiments with 
mechanically driven windmills.” 

Over the years many engineering books have made 
the same erroneous statement, both in pocket books 
and in text books; Octave Chanute, in his well-known 
book'**) Progress of Flying Machines, makes constant 
reference to Smeaton’s tables; as does Sir George 
Cayley and many others. 

A reading of Smeaton’s original paper before the 
Royal Society shows that Smeaton did not prepare any 
table on wind speeds and pressures. There is a table 
printed at the end of his paper and this is what Smeaton 
wrote about it: 

“The following table. which was communicated by 
my friend Mr. Rouse, and which appears to have been 
constructed with great care from a considerable number 
of facts and experiments and which having relation to 
this article, I here insert as it is sent to me; but at the 
same time must observe where the velocity of the wind 
exceeds 50 m.p.h. do not seem of equal authority with 
those of 50 m.p.h. and under.”* 


*Since this paper was first prepared I have found a reference 
to this mistake in the discussion of Dines’ paper (Ref. 19). 
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Rouse came from Harborough in Leicestershire. 
After that it is not surprising to learn that some 
people believe Bacon wrote Hamlet. 


5. Charles Hutton 


The paper by Robins in 1746 had drawn attention 
to the resistance of the air as affecting the flight path 
of projectiles. Robins had not been successful in his 
application for the post of Professor of Mathematics 
at Woolwich, but another mathematician who later 
became the Professor, Charles Hutton (1737-1823), 
instituted a course at Woolwich in the boldest of aero. 
dynamic terms, “for determining the resistance of the 
air to a surface of any form whatever, either plane or 
curved, moved through it with any degree of velocity,” 
in a paper’) read to the Edinburgh Royal Society op 
Ist January 1787. 

He praised Robins’ work, adopted his whirling arm 
ideas, and began by testing a_ solid cardboard 
hemisphere, with the curved and flat surfaces forward 
in turn, to find that the latter showed, at a given speed, 
as much as two and a half times the resistance of the 
curved surface*, “though why,” he declared, “it js 
difficult to determine with precision. I intend, however, 
soon to employ a cylinder to compare the flat side fore. 
most of the hemisphere and a whole sphere, each of 
the same diameter, to compare with the round side 


foremost of the hemisphere. I propose, also, at the same | 


time, to try the resistance of some other figures.” 

S. P. Langley, in his Experiments in Aero 
dynamics", states that Hutton tested a plane 8 in. by 
4 in., with the long and short edges at right angles to 
the air flow, but failed to obtain any sensible difference. 
“probably,” explains Langley, “because of the friction 
of the apparatus.” He credits Hutton with being the firs 
man to make experiments on the effect of aspect ratio, 
but it is clear that Robins had done so forty years pre- 
viously, and that Hutton must have been well aware 0 
the experiments?. 

Hutton explained '" that the usual method of finding 
out the speed of sound at that time was to place “2 
cannon several thousand yards away,” and_ start ¢ 
pendulum vibrating in half seconds the moment the gut 
flash was seen, recording the time. 

“By similar experiments,” he wrote, “the member 
of the Royal Academy of Sciences found that soun¢ 
moved at the rate of 1172 Parisian feet per second 
Gasendus makes its velocity to be 1473: Mersenne 1474 
Duhamel, in the History of the Academy of Sciences 
1338; Newton 968; and Derham, in whose measur 
Flamsteed and Halley concurred, 1142.” 

Hutton declared that Derham was of the opinio! 
that temperature and humidity had no effect on the 


*Modern research gives 2°8. 


+Bishop Wilkins, in Mathematical Magic, published in 164 
has been credited with being the first to note the effect 0 
aspect ratio. His statement runs as follows: “ As well to 
long as too short, too broad as too narrow, may be a 
impediment to the motion, by making it more difficult, slo¥ 
and flagging 
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result, but says that he himself is of the opinion 
temperature does make a difference. de Villamil 
sates“”) that Hutton records the temperature as 65°F., 
the barometer as 30 inches and the speed of the centre 
of the plane under test as 12 f.p.s. (8:1 m.p.h.). 


6. Richard Lovell Edgeworth 


R. L. Edgeworth (1744-1817), as a boy of seven, 
was said to have become “irrevocably a mechanic.” 
Certainly he showed great powers of mechanical 
ingenuity. At the age of 37 he turned his attention for 
4 while to the resistance of square and oblong surfaces 
when exposed to a stream of air. He used a whirling arm 
for his experiments, made on the same principle as that 
of Robins, with a radius of about six feet. In a letter 
to the Royal Society, of which he was a Fellow, read on 
6th January 1782, he drew attention to the effect of 
aspect ratio. 

“If two similar cards are placed opposite the wind, 
one upon its end and the other on its side, and both 
inclined at the same angle, the wind will have the 
greater effect upon the card which is placed endways.” 

The test pieces were made of 4 in. by 9 in. tin sheet 
for this purpose. He also tested square sheets of 4 and 
8 in. sides. All tests were made at an angle of 
incidence of 45°. 

Writers often quote Samuel Vince, also a Fellow of 
the Royal Society, for his experiments upon the 
resistance of bodies in fluids when Edgeworth is men- 
tioned. Vince’s experiments were published by the 
Society *) sixteen years after Edgeworth’s and do not 
concern this paper as they were all made in water. 


7. Thomas Young 


On 16th January 1800, a paper by Dr. Thomas 
Young (1773-1829), who became Professor of Natural 
Philosophy at the Royal Institution the following year, 
was read to the Royal Society under the title Outlines of 
Experiments and Inquiries Respecting Sound and Light. 
Itwas Young who, in a lecture to the Royal Institution 
on the phenomenon of interference, was able to 
establish the undulatory theory of light. 

In the second section of his paper to the Royal 
Society, Young dealt with the direction and velocity of 
a stream of air, and made what was probably the first 
statement of the effect of a stream of air on a convex 
surface. (But see Smeaton’s summary of his windmill 
sails experiments, Section 4). 

“The lateral pressure which urges the flame of a 
candle towards the stream of air from a blowpipe,” 
he wrote, “is probably exactly similar to that pressure 
which eases the inflection of a current of air near an 
obstacle. Mark the dimple which a slender stream of 
air makes on the surface of water. Bring a convex 
body into contact with the side of the stream and the 
place of the dimple will immediately show the 
current is deflected towards the body: and if the body 
be at liberty to move in every direction it will be urged 
towards the current.” 
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8. The Brothers Montgolfier 


On Sth June 1783 Joseph (1740-1810) and Etienne 
(1745-99) Montgolfier gave their first public demonstra- 
tion, at Annonay in France, of a hot air balloon going 
up into the sky. On 27th August of the same year 
Professor Charles sent the first hydrogen balloon into 
the sky. On 21st November 1783 Pilatre de Rozier, as 
the first civil aviation pilot, and the Marquis d’Arlandes, 
as the first passenger, made aeronautical history by 
flying a distance of five and a half miles across Paris in 
twenty-five minutes. 

Even the most rabid critic of aeronautical develop- 
ment cannot cavil at any lack of speed from the first 
conception of the idea to the completion of the first 
successful flight in less than six months. True the speed 
was only twelve miles an hour, and the power was pro- 
vided by the wind, but what the gallant Marquis and 
his pilot must have felt in those twenty-five minutes is 
something which can never be repeated in the world’s 
atmosphere, even if may be in that of the planet Mars 
(usually known as the Red Planet!). 


9. The First Balloon Research 


The hot air Montgolfier balloon had hardly gone 
up, followed so quickly by the hydrogen balloon of 
Professor Charles, than the natural philosophers and 
others of the eighteenth century seized on the new 
research instrument to explore the heaven above 
them, to learn how the winds blew and the lightning 
flashed and the thunder roared and rumbled. The 
upper atmosphere, that is most of it above a hundred 
feet or so above those with their feet firmly placed on 
the ground, was, to be Irish for once, unexplored 
ground. 

James Glaisher (1809-1903), the first Honorary 
Treasurer of the Aeronautical Society, who made many 
scientific balloon ascents on behalf of the British 
Association in the 1860°s, emphasised the lack of know- 
ledge of atmospheric phenomena, before the balloon 
was invented, in a lecture before the Royal Institution 
in 1863 on Scientific Balloon Experiments®*. He 
related that the first research experiment, using the 
balloon, was made by James Watt who, less than ten 
years before, had entered into a partnership to develop 
the steam engine. The experiment was made on 26th 
December 1784. 

“He constructed a balloon,” related Glaisher, “to 
which a match and serpent was attached, that the gas 
might explode in the air. The object was to determine 
whether the reverberating sound of thunder was caused 
by echoes or successive explosions; the point remained 
unsettled owing to the shouting of the people; but it 
was thought the sound did resemble thunder.” 

The balloon did not provide any serious experi- 
mental ideas for aerodynamic research, although it has 
done so in recent years, in a specialised form, for 
meteorological and atomic investigations. But the 
balloon was the trigger which fired the ever-increasing 
interest in heavier-than-air flight. 
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10. Sir George Cayley 


Ten years before the Mongolfier brothers sent up 
their first balloon saw the birth of Sir George Cayley 
(1773-1857), the first man to do aerodynamic research 
specifically for obtaining data for heavier-than-air flight. 

In 1804, when only 31, he began to write his famous 
essay on Aerial Navigation, an essay he was not able 
to complete and publish until 1809-10°”. In it he laid 
down the principles of heavier-than-air flight and 
described experiments he had made to obtain the 
necessary data. It was a paper far in advance of any- 
thing previously written on flight. Orville Wright, in 
1912, paid Cayley a high tribute in the following words, 
**He knew more of the principles of aeronautics than 
any of his predecessors, and as much as any that 
followed him up to the end of the nineteenth century. 
His published work is remarkably free from error and 
was a most important contribution to the science.” 

Much of what he published was recorded in a note- 
book which has, fortunately, been preserved. In this 
notebook he detailed experiments made in 1804 with a 
home-made whirling arm. It is clear he was aware of, 
and had read with care, the work of Robins, Smeaton, 
Hutton and others, and applied their methods with 
great soundness. 

A plane, one foot square, was carried round on a 
horizontal arm, which was also free to move vertically. 
The force of the air on the plane was measured at 
angles of incidence of 3, 6, 9, 12, 15 and 18 degrees. 
It is interesting to note that many such aerodynamic 
measurements of the present day are still made in 3 
steps. 

Cayley’s whirling arm was 5 ft. long, giving a circum- 
ferential air track of some 30 ft. for testing purposes. 
As did Robins, Cayley used a falling weight to move 
the arm. 

** The time was measured by a stop watch,”’ he wrote 
in his paper, “‘and the distance travelled over in each 
experiment was 600 feet. I shall only give the results 
of many carefully repeated experiments, which are, that 
a velocity of 11-538 feet per second generated a resist- 
ance of 4 oz. and that a velocity of 17-16 feet per 
second gave 8 oz. resistance. This delicate instrument 
would have been strained by the additional weight 
necessary to have tried the velocity generating a pressure 
of one pound per square foot; but if the resistance be 
taken to vary as the square of the velocity, the former 
will give the velocity necessary for this purpose as 23-1 
feet per second, the latter 24:28 feet per second. | 
shall therefore take 23-6 feet per second as somewhat 
approaching the truth.” 

This latter figure gives a value of k=0-0038, as 
against that attributed to Smeaton of 0-0049 (where 
k=P/SV*, where P is the pressure in pounds, S the 
area in square feet, and V the speed in miles per hour). 
Cayley’s result is much nearer that obtained by modern 
research methods* than any previous investigators. 

‘“* Having ascertained this point,” continued Cayley, 


*The modern figure which has been accepted for use in a new 
R.Ae.S. unpublished Aerodynamic Draft Data Sheet Wings 
00.01.02 is 0:00289. 
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FiGure 5. Sir George Cayley’s whirling arm. 


“had our tables of angular resistance been complete, 
the size of the surface necessary for any given weight 
would easily have been determined. Theory which 
gives the resistance of a surface opposed to the same 
current at different angles to be the square of the sine 
of the angle of incidence is of no use in this case, as it 
appears from the experiments of the French Academy 
that in acute angles the resistance varies much more 
nearly in the direct ratio of the sines than as the squares 
of the sines of the angles of incidence.” 

Writing of his experiments, Cayley commented, 
** The experiments were done with great care and often 
repeated with the same results, and made on such a 
large apparatus and upon so long an average that they 
must be tolerably correct. I had not a barometer to 
note the weight of the atmosphere at the time. I have 
my doubts, however,” he added, ** whether this mode 
of circular motion does recreate as much resistance as 
when the plane moves on a right line parallel to itself.” 

Cayley paid special attention to the importance of 
lessening drag. He noted in his paper that external 
struts could put up considerable resistance to forward 
motion but “this is obviated in a great degree by a 
flat oval shape having its longest axis parallel to the 
current.” 

“It is of great importance to this art,” he emphasised, 
“to ascertain the real solid of least resistance 
when the length or breadth is limited. Sir Isaac’s 
beautiful theorem upon this subject is of no practical 
use, as it supposes each particle of the fluid, after 
having struck the solid, to have free egress; making the 
angles of incidence and reflection equal. Particles of 
light seem to possess this power, and the theory will be 
true in that case; but in the air the action is more like 
an accumulation of particles, rushing up against each 
other in consequence of those in contact with the body 
retarded.” 

He emphasised this problem of skin friction. ‘* The 
importance of this subject is not less than the difficulties 
it presents. It affects the present interests of society in Its 
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relation to the time occupied in the voyages of ships. It 
will still have more effect when aerial navigation, now 
in its cradle, is brought home to the use of man. I 
shall state a few hints upon this point, to which my 
subject has so unavoidably been led, and shall be glad 
if in doing so I may excite the attention of those who 
are competent to an undertaking greatly beyond my 
grasp.” 

~ He discusses the problems and ends, “I fear, how- 
ever, that the whole of this subject is of so dark a 
nature as to be more usefully investigated by experiment 
than by reasoning, and in the absence of any conclusive 
evidence from either, the only way that presents itself 
isto copy Nature.” 

Cayley made an inspired guess. In his notebook he 
drew attention to the trout as offering the best stream- 
lined shape, and wrote, “If such a solid were cut in 
halves along its longitudinal axis, we should then be 
deriving our boat from a better architect than man, and 
should probably have the real solid of least resistance.” 
He was then discussing the best shape for airships. 

Figure 6 is taken from von Karman’s Aerodynamics, 
published in 1954, 150 years after Cayley’s prediction. 
Von Karman drew attention to the fact that Cayley’s 
outline “* almost exactly coincides with certain low-drag 
aerofoils."” The circles are corresponding points on 
Cayley’s curve shown on a modern aerofoil curve. 

Cayley was the first man to draw attention to the 
importance of streamlining, as he was to define the 
principles of heavier-than-air flight, and, to quote von 
Karman, ** he clearly defines and separates the problem 
of sustentation, or in modern scientific language, the 
problem of lift from the problem of drag.” 

In his discussion on the stability of an aeroplane, 
Cayley drew attention to the fact that at very acute 
angles the centre of pressure of a moving plane surface 
isnot at the “* centre of the surface, but is considerably 
in front of it,” and the two centres only coincide when 
the angle of incidence is 90 He, too, pointed out 
that curved surfaces had a greater lift than plane ones. 

Cayley’s contributions to aeronautical research in 
his notebook and his first paper in Nicholson's Journal 
were not only remarkable for their breadth at such an 
early date, but significant for their clear summary of 
the essential conditions and data required for heavier- 
than-air flight. 

Sir George Cayley’s famous paper on Aerial Navi- 
gation was begun in 1804. At that time he had been 
doing ballistic experiments and it is of 
interest to note the references he gave ~ 
in that paper to the early experiments of » 
Robins. In June 1846 there was pub- 
lished an account of experiments which 
had been made with “rifle shots weigh- 
ing an ounce and three quarters, of 


Sir George Cayley’s body of least ——- 
resistance. 
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the form of a sugar loaf,” by the Government. Cayley 
immediately wrote to the Mechanics’ Magazine’, 
‘** Having tried many experiments on six-pouna cannon 
shots of various forms, about the years 1804-5, for 
which the late Lord Mulgrave allowed me powder fiom 
the government depot at Scarborough, and the use of 
a six-pounder gun, I send you a description of the shots 
then used. My object at the time was to ascertain 
whether, by obviating as much as possible the resistance 
of the air, the range of cannon shot might be increased.” 

One of the shells he tried was almost the replica 
of the bomb shapes used in the early days of the 1939-45 
War, with guiding fins. 


11. F.H. Wenham 

The next recorded aerodynamic experiments in Great 
Britain were by a member of Council, F. H. Wenham 
(1824-1908), who, in his 1866 lecture before the 
Society", described a whirling arm which he used to 
measure the lift and drag of a pair of flat surfaces set 
at various angles of incidence. No diagram of his 
whirling arm appears to have been published, but from 
his description it was probably built on the same 
principle as that, in later years, of Lilienthal, but hand- 
driven (Fig. 7). The arm was only three feet radius and 
the flat plates each had an area of 110 square inches. 
The smaller the radius of the arm the less may be its 
reliability. 

utmost effect.” reported Wenham, “ obtained 
in this way was to raise a weight of six pounds on one 
square foot of sustaining surface, the planes being set 
at a coarse pitch. To keep up the rotation required 
about half the power a man could exert.” He stated 
that the power actually exerted was 1/16th h.p. and 
quoted the best of a series of experiments, one at a 
speed of 38 m.p.h. and another at 44 m.p.h. 

It is unfortunate that Wenham did not give more 
details of his experiments. He was aware that a 
whirling arm did not provide an absolutely accurate 
method for ascertaining lift and drag, and he drew the 
conclusion from his experiments that “If the wings, 
instead of travelling in a circle, could have been urged 
continually forward in a straight line in a fresh and 
unmoved body of air the ‘slip’ would have been 
inconsiderable, and the pitch, consequently reduced to 
such a small angle, as to add but little to the direct 
forward atmospheric resistance of the edge.” 
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Wenham, later in his lecture, refers to experiments 
to find the resistance of conical bodies. 

** A thin lath was placed horizontally, so as to move 
freely on a pivot set midway; at one end of the lath a 
circular card was attached; at the other end a sliding 
clip traversed, for holding paper cones, having their 
bases the exact size of the opposite disc. The instrument 
acted like a steelyard: and when held against the wind 
the paper cones were adjusted at different distances 
from the centre, according to their forms and angle, in 
order to balance the resistance of the air against the 
opposing flat surfaces. The resistance was found to be 
diminished nearly in the ratio that the height of the cone 
exceed the diameter of its base.” 


12. The Aeronautical Society of 
Great Britain 


The year 1870 is a notable one in the history of 
the Society. At the May meeting of Council, Sir 
William Fairbairn drew attention to the absence of 
data giving the “reactions and lifting forces” on 
airscrews, and expressed the opinion that experiments 
should not be difficult to make to obtain the necessary 
data. 

At this meeting James Glaisher stated that he had 
been trying to obtain data concerning the forces on 
plane surfaces by using two anemometers at the same 
time, so as to be sure of comparative results. He 
reported that he had found an indication of increased 
lift with size of surface, and that equal surfaces, of 
varying shapes, gave different results. 

To the modern aerodynamic mind these conclusions 
may appear childlike and bland as Bret Harte said of 
a very different kind of experiment, but it must be 
remembered that there was no obvious reason, in the 
absence of fundamental principles and practical tests, 
why one square foot of a surface should not have given 
as much lift and drag as another similar square foot, 
in an air stream. 

Out of the discussion the Council agreed that an 
experimental fund should be raised for the construction 
of a suitable and well-finished instrument “ having the 
means of instantly setting various plane surfaces at any 
desired angle and capable of registering both horizontal 
and vertical forces simultaneously for all degrees of 
inclination. The results to be published for the benefit 
of the Society.” 

In July the experimental committee was appointed. 
It included two Fellows of the Royal Society, Charles 
Brooke and James Glaisher, and four engineers of 
standing, F. H. Wenham, E. W. Young, D. S. Brown 
and W. H. le Feuvre. 

At the end of the Annual Report of the Society for 
the year 1870 the attention of all members was drawn 
to what the Council had been trying to do. 

“The first great aim of the Society,” said the 
Report, “‘is the connecting of the velocity of the air 
with its pressure on plane surfaces at various inclin- 
ations. 

“There seems no prospect of obtaining this relation 
otherwise than by a careful series of experiments. But 
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little can be expected from the mathematical theory; jt 
is a hundred and forty years since the general differential 
equations of fluid motion were given to the world by 
d’Alembert; but although many of the greatest mathe. 
maticians have attempted to adduce from them results 
of practical value, it cannot be said that any great 
success has attended their efforts. The progress made 
has been very slight in the case of water, where the 
analysis is much simpler than for an elastic fluid like 
air; and the theory of resistance, which is part of hydro. 
mechanics which has most direct bearing on aerial 
navigation is, perhaps, the part of the subject about 
which least is known. 

“The Aeronautical Society has been endeavouring 
for some time to inaugurate a systematic series of 
experiments on the connection between the pressure 
and velocity of air, and it is believed that these will 
afford the only data on which a true science of aero- 
nautics can be founded.” 

In the Annual Report for 1871 there was published 
an account of the investigations on the pressure on flat 
surfaces in a stream of air. 

The experiments had been carried out in_ the 
engineering works of Messrs. Penn at Greenwich, under 
the supervision of Wenham and other members of the 
Experimental Committee. A wind tunnel for the pur- 
pose, the first of its kind as far as is known, had been 
designed by Wenham and Browning. It was a foot and 
a half square section and some ten feet in length. The 
current was provided by means of a fan driven by a 
steam engine. The horse power was not stated. Four 
flat plates, one a foot square, a second a circular one, 
also of one square foot area, an oblong 4} in. by 18 in., 
and another 9 in. by 18 in. were tested. 

‘The plane to be acted upon was fixed to the long 
end of a horizontal arm, which vibrated like the beam 
of a balance, and bore upon its shorter end a sliding 
counter weight so as to balance the weight of any plane 
which might be fixed at the opposite extremity. The 
horizontal or direct pressure was read off by a spring 
steelyard, which was connected to the end of a lever 
from a vertical spindle close to the base of the machine. 
The vertical or raising force due to the various inclin- 
ations was read off by an upright spring steelyard.” 

Measurements were made at angles of 15, 20, 45, 60 
and 90 degrees, one observer taking the vertical reading 
and one the horizontal. Wenham declared at a meeting 
of the members of the Society that the measurements 
would have been more accurate if they could have been 
self-recorded simultaneously. 

‘** The experimenter would then have nothing else to 
attend to but to see that all other conditions were acting 
properly.” The conclusion was drawn that the lift of 
inclined planes ‘is increased in the direct ratio that 
the sine bears to the length of the plane, or the height 
of the incline to the base; thus, if instead of stating 
the angle in degrees, we say ‘one in ten’ or ‘one in 
three or four” as the case may be, this will at once 
express the proportion in which the lifting force exceeds 
the resistance.” 

It might be noted that an exactly similar statement 
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was made by Hiram Maxim some twenty years later, 
following his own wind tunnel and whirling arm experi- 
ments. They are given in a later section of this paper. 

Although the results at more acute angles than 15° 
were not published, the conclusion was drawn that at 
very acute angles of incidence the ratio of the lift to 
the drag was very great ‘and alone serves to abate the 
mystery relating to the support of weight in flight.” 

The Council were, aware that these first experiments 
were “somewhat crude and incomplete,” and stated 
“it is desirable that these important experiments should 
be verified and continued . .. up to the present time only 
flat surfaces have been experimented upon, and as all 
the sustaining surfaces in the wings of birds are curved 
or hollow, it remains to be proved what is the relative 
advantage of this form, for it is upon such data that 
all plans and construction must be based, and on which 
failures Or success must depend.” 

The flat surfaces used were made of thin steel plate, 
ran a report in Engineering on 14th August 1885 (when 
discussing Horatio Phillips’ experiments) and added, 
“These experiments would have been more satisfactory 
had a steady and continuous current been obtained, 
but the fluctuations caused by each arm of the fan as 
it revolved, exerted an appreciable influence on the 
result.”” 

The tunnel was of the open jet type and a clear space 
of at least 15 ft. was allowed between the fan and the 
entrance of the tunnel to guide the air current and to 
enable its speed to be measured. No provision was 
made for straightening the flow. 

Crude, inconclusive and inaccurate as the results 
were, they were of value as being the results of the first 
wind tunnel experiments in the history of aviation. 

There must have been many suggestions and form- 
ation of ideas as the experiments were in progress and 
were being discussed by the members of Council present. 
Glaisher, following an account of what had been done 
at a Society meeting of members, drew attention to the 
boundary layer, ‘*. . . the particles of the fluid which 
come in contact with the plane have somehow or other 
to get out of the way, by gliding along the surface of the 
plane (as they cannot get through it) and this produces 
a complication in the neighbourhood of the surface of 
such a kind as cannot be theoretically predicted.” 

Glaisher emphasised that ‘* the measurements made 
were only accurate to the extent to which the instrument 
could measure them, and that certainly some of the 
measurements were uncertain, as those of the wind 
speed, for example, as the only instrument available, 
a Lind’s Anemometer, was not very satisfactory.” 

Charles Brooke also drew attention to the problem 
of the boundary layer, and in reply to questions by 
members Wenham stated that ‘‘we found as the angle 
of incidence became more acute, the centre of pressure 
came nearer to the front edge.”” Both he and Brooke 
said also that the experiments had clearly shown the 
importance of the effects of aspect ratio. To quote 
Brooke’s own words, ‘“‘ The experiments showed that 
from the same amount of surface, there would be a 
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greater effect upon the air by a long narrow wing, than 
by a short and broad one of the same area.” 

In 1896 Wenham wrote to Octave Chanute, whom 
he had first interested in aviation while he was on a 
visit to England, that he would have liked to have built 
a large tunnel which would provide currents from “a 
gentle breeze up to a tornado that could rip the clothes 
off your back.” 

In 1900 he erected a small one giving a speed of 
25 m.p.h. ‘“* The current was definite and steady,”’ he 
wrote, “with proper arrangements to measure lift and 
drift. I attached various models in the blast, consisting 
of different forms of supporting surfaces.” Unfortun- 
ately no further details appear to be available. 


13. Thomas Moy and R. C. Jay 


In 1878 the Council of the Aeronautical Society 
granted to two members of the Society, Thomas Moy 
and R. C. Jay, a sum of £15 for experiments with a 
whirling arm of 14 feet radius, driven by hand. The 
objects of the experiments were to ascertain the pressure 
on planes at various angles of incidence, and various 
speeds of the air flow; the centre of pressure at various 
speeds and angles of incidence; and the best proportion 
as to length and breadth of aeroplane surfaces for the 
maximum of lift with the minimum of resistance and 
weight, to quote the two experimenters. 

The objects were approved by Wenham on behalf 
of the Council. Moy put in a report to the Council in 
April 1879. It dealt chiefly with the centre of pressure 
which he showed moved forward as the angle of 
incidence lessened. The results did not prove of much 
value, and there does not appear to be any record that 
further experiments were proceeded with after this 
report. 


14. Otto Lilienthal 


The name of Otto Lilienthal (1848-1896) has become 
associated with those of successful pioneers of gliding 
flight. His book, Birdflight as the basis of aviation®®, 
is, nowadays, somewhat misleading in its title, for it is 
an astonishing contribution to the literature of aero- 
dynamic research in the latter half of the nineteenth 
century. 

He and his brother Gustav relied, at first, on existing 
data for air pressures on flat plates, and built a number 
of power-driven models between 1871 and 1873 in that 
belief, but none proved as successful as they had hoped. 
They then decided to carry out their own research into 
the lift of surfaces in an air stream. 

The brothers used a type of whirling arm shown in 
Fig. 7. Each arm carried an identical surface which 
could be set at any required angle of incidence to the 
air stream. Weights attached to cords which pass over 
pulleys as shown, provided the power for the rotation 
of the arms. 

‘The horizontal component of the air pressure was 
arrived at by reducing the propelling weight for the 
centre of air pressure of the surfaces, after deducting 
the air resistance due to the arms only,”’ wrote Lilienthal, 
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Ficure 7. Lilienthal whirling arm. 


‘‘and the frictional loss which was experimentally 
determined beforehand. 

‘““For the determination of the vertical component 
of the air pressure, the spindle, with all its attachments, 
was counter-balanced by means of a lever, at the end of 
which it was supported and could move a short distance 
up and down, so as to demonstrate the existence of an 
exterior vertical force. The latter was then simply 
measured by placing weights on the scale as illustrated.” 

Knowing the horizontal and vertical components of 
the pressure of the surfaces tested enabled Lilienthal 
to obtain the magnitude and direction of the resultant 
pressure. 

He and his brother began their experiments as early 
as 1866, but they were interrupted over long intervals, 
one of which was the war with France, and they did 
not get all the data they wanted until 1889. A number 
of these whirling arms of varying sizes from 6} to 23 ft. 
in diameter were made. The surfaces were tested in 
pairs, varied from about one to six sq. ft. in area, and 
were made with thin, light wooden frames covered with 
paper, wood or brass. Tests were made at speeds of 
one to forty feet per second, and Lilienthal stated that 
they all confirmed that the resistance increased as the 
square of the speed. The tests were carried out at 
various angles of incidence, 3, 6, 9, 15, . . . 60, 70, 80 
and 90 degrees. The results of their investigations with 
flat surfaces convinced Otto Lilienthal that flight with 
them was impossible, and he turned his attention to 
curved surfaces. 

A number of these surfaces were tried, especially 
at small angles of incidence, and the discovery made 
that the L/D ratio was greater for the curved surface 
than for the flat one. 


The brothers were clearly aware of the disadvantages 
of the whirling arm and those of trying to obtain results 
in a direct natural wind. Both methods were tried as 
a check against each other and, by making a very large 
number of experiments, the brothers hoped to obtain 
better average values. They adopted, generally, the 
curve of a bird’s wing in flight, obtained by a sand- 
loading test as shown in Fig. 8. The dotted curve 
indicates that of the dead bird’s wing. 

The brothers deduced that the flow over the curved 
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aerofoil must be smoother than in the case of the 
flat Plane. 

‘* Although the picture may not be exactly in accord. 
ance with reality,” wrote Otto Lilienthal, “the streams 
being invisible, it will suffice for the necessary consider. 
ations if the characteristic differences approximate at 
least to fact. . If the view be correct that possibly 
in the avoidance of eddies lies the principle which some 
day may enable us to actually fly, then we may investi- 
gate the secrets of air resistance almost with closed eyes, 
Even the ear tells us whether we deal with pure wave 
motion or with wasteful eddies. We therefore prefer 
those surfaces which, even at considerable velocities in 
air, do not produce noise to those which produce a 
rushing noise under the same conditions.” 

Otto Lilienthal was literally working in the dark 
when these significant and quite remarkable words were 
written, for the photographing of air flow over an 
obstacle, except in very special circumstances, had not 
been made. 

Otto Lilienthal was convinced that flight by human 
power was not possible. ‘* For man flying forward with 
suitably curved wings,” he wrote, “‘ the energy under 
the most favourable but probably unattainable con- 
ditions, would be 0-4 h.p., but even this amount could 
only be exerted by man for a short time. We have 
thus to discover still more favourable phenomena before 
it becomes possible to maintain ourselves in the air by 
our own muscular effort.” 

B. S. Shenstone has shown that there are more 
‘favourable phenomena” than Lilienthal knew. To- 
day,” he declared“”, “‘we can see that if we stretch 
our knowledge and assurance very little, manpowered 
flight is possible.” 

It would save petrol, at any rate! 

Figures 9 and 10 show the apparatus used by 
Lilienthal to measure the horizontal and vertical forces 
on curved surfaces in a natural wind. The curved 
section ab is fixed at 0 on an arm co pivoted at m 
and balanced by a weight g. In Fig. 9 the horizontal 
force oh is directly measured by the spring f fixed at 
c, and in Fig. 10 the vertical force ow is similarly 
measured, from which the resultant force on the surface 
is obtained. 

Figure 11 shows the plan form and sections of some 
of the curved aerofoils which were tested on a whirling 
arm. All tests were made in a complete calm. The 
area of the surfaces were all half a square metre. Of 
the lowest section (Fig. 11-52) Lilienthal wrote, “* Con- 
trary to expectation, no disadvantage accrued even from 
placing the thickening right at the leading edge; it even 
appeared as though this shape possessed _ specially 
favourable properties as regards air pressure, namely, 
great lifting and very little retarding pressure, parti- 
cularly so when moving under very acute angles.” 
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Ficure 8. Finding the true curve of a bird’s wing. 
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FIGURE 9. FiGure 10. 
Lilienthai’s apparatus to measure forces on curved surfaces. 


On 2nd November 1901, Wilbur Wright wrote to 
Octave Chanute a long letter on Lilienthal’s experiments. 

“| have read the Lilienthal translation and examined 
the illustrations and plates many times. It is certainly 
a wonderful book. Although, as I see it, errors are not 
entirely absent, yet considering it was a pioneer work, 
developing an entirely new field, it is remarkably sound 
and accurate.” 

Wilbur Wright added that he thought Lilienthal 
greatly under-rated the lift and over-rated the drag, but 
paid Lilienthal a high tribute. ‘‘His book must be 
considered an extraordinary one to be the work of a 
singe man. The ‘monumental work’ of a great 
American will not bear a moment’s comparison with it.” 

The reference is to Langley’s Experiments in Aero- 
dynamics. It is summarised in Section 17. 


Direction | of Motion 


Direction of Motion. 
Scare 1: 5. 


FiGurE 11. Lilienthal’s aerofoils. 
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15. Horatio Phillips 


Horatio Phillips (1845-1924), the son of a sporting 
gun maker, had just reached the legal age of discretion 
when the Society was founded. From his earliest years 
he was experimenting and carrying out research, at 
much cost to himself, in aeronautics. 

He had listened with considerable interest to the 
Council’s report of its experiments in a wind tunnel, 
with which he was not at all satisfied. In 1878 Moy 
and Jay had failed to make any further progress, so, 
in the early 1880's, Phillips decided to make his own 
tunnel and experiment, not only with flat plates but 
with aerofoils based on the sections of a bird’s wing®”. 
Nos. 2-8 of Fig. 12 show some of the sections Phillips 
used, all having greater curvature on the upper surface 
than the lower. They were 16 in. in length and 1} to 
5 in. in breadth and made of pine. The position of the 
greatest camber was a third of the chord from the 
leading edge. 

Figures 9 and 10 of Fig. 12 show the side and front 
elevations of Phillips’ tunnel. It was a very considerable 
advance on that made by the Society, with an overall 
length of 6 ft. and an expanding “‘ delivery tube of sheet 
iron” of the same length. The tunnel was 17 in. by 
10 in. The expanding tube was 12 in. in diameter 
where it joined the tunnel, decreasing to 8 in. in a length 
of about 15 in. and then expanding to a 2 ft. diameter 
at the exit. Where it joined the tunnel was a ring- 
shaped metal tube pierced with holes, and a straight 
central metal tube through which steam was forced from 
a large Lancashire boiler, 32 ft. long by 7 ft. diameter, 
under a pressure of 70 Ib. per sq. in., so producing, by 
suction, an air current in the square tunnel. 

I am indebted to J. Dunsby, head of the Aero- 
dynamics Group of the Technical Department of the 
Society, for pointing out that this was an astonishing 
use of the steam injector as a method of wind tunnel 
drive. It is all the more astonishing because this was 
the first practical wind tunnel after the one made by the 
Society. ‘* At this time,” wrote Dunsby, “‘ the injector 
was not a well understood device and as far as I know 
was only used as a pump on certain types of steam 
engine such as, for example, on a traction engine. To 
have used an injector to drive a wind tunnel seems to 
have been a touch of genius on Phillips’ part. Injector 
drives are quite common on supersonic wind tunnels 
at the present time.” 

For part of the length of the tunnel, shown at D, 
it was half filled with a solid block of wood, leaving a 

10 in. by 17 in. area where a speed up to 60 ft. per 
second could be reached. Phillips had closely followed 
the Society’s experiments and was also aware of the 
difficulties of keeping a steady current flowing with a 
fan. Although his steam jets did not provide the 
solution they did ‘lessen considerably the fluctuations 
of speed, measured by means of a water gauge. 

Figure 11 of Fig. 12 shows a side elevation of 
Phillips’ tunnel balance. The aerofoil to be tested was 
firmly held in position by two wires at the leading edge, 
attached to movable pivots B. A weight W was 
suspended from a central point one-third of the chord 
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Figure 12. Phillips’ aerofoils and wind tunnel. See text. 


from the leading edge, enabling the lift to be measured. 
A wire, passing over a pulley, held a scale pan C in 
which weights were put to balance the drag of the 
aerofoil. Phillips made an allowance for the action of 
the air stream on the uprights B. 


The apparatus rested on the block D, so that the 
scale pan remained outside the tunnel, the weight W 
being suspended in a slot in D, out of the influence of 
the air stream. 

Phillips tested one flat surface, 16 in. by 5 in., with 
the longer side as the leading edge, in order to get a 
comparison of the lift with that of a curved surface. 
He tested aerofoils at various angles of incidence, 
and found that he obtained his best result at an angle 
of 15° at a speed of 39 feet per second (No. 5 in 
Table I and Fig. 12), with an L/D of just over 10. 
The flat plate gave an L/D of only 4-5, and the rook 
of 8. 

The Table may give the wrong impression that the 
lift and drag (thrust) were the same for planes | to 5. 
The 9 oz. and 0-87 oz. weights were the same for the 
tests, to compare the speeds at which the ratio L/D 
would be highest for the same angle of incidence 
throughout, 15°. 

Phillips was naturally very gratified with his results 
and took out patents in 1884 and 1891 for his “ dipping ”’ 
edge. Alas, the time was still not ripe for finance to 


lend a hand, let alone give it. He spent several thou- 
sand pounds of his own money on his whirling arms, 
wind tunnel, and large scale trials of machines, before 
he was compelled to give up for want of capital. 

He tested the flow of air near his ** dipping edge” 
by attaching a fine ribbon to the under surface. He 
found that at 15° there was a flow in the direction of the 
arrow, as shown at No. 6 of Fig. 12, and confirmed his 
idea that there was a region of higher than atmospheric 
pressure on the lower surface of a curved wing and of 
lower than atmospheric pressure on the upper surface. 

In 1884 and 1885 Phillips spent many months on 
these experiments. “I will only say,” he declared in 
August 1885, “‘that on an average three days in each 


TABLE I 
pre Speed Surface Lift Thrust 
in, OZ. 02. 
Flat 
plane 39 16x5 9-0 2:0 
I 60 16 1°25 9-0 0°87 
2 48 16 x3 9-0 0:87 
3 44 16 x3 9-0 0°87 
4 44 16x5 9:0 0:87 
5 39 16 9-0 0:87 
6 27 16x<S5 9-0 2°25 
Rook’s 
wing 39 0:5 sq. ft. 8-0 1:0 
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FiGuRE 13. Horatio Phillips’ whirling arm. 


week were devoted to the purpose, and every conceiv- 
able form and combination of forms were tried.” 

His earlier results were checked on a whirling arm 
of 15 ft. diameter, but later he built a considerably 
larger one, an engraving of which is shown in Fig. 13. 
[t had a 50 ft. radius and was of interesting construction. 
The 10 h.p. steam engine used to drive it was mounted 
on the long part of the arm and ran on a two-wheeled 
undercarriage along a single circumferential rail. The 
boiler, which served as a balance weight for that of the 
engine, was mounted on the short backward extension 
of the arm. Steam was provided to the engine through 
a pipe running along the arm. A speed, for testing, of 
10 m.p.h. could be reached, and the lift and drag could 
be measured by automatic recording instruments, for 
various angles and speeds. 

Phillips’ full-scale experiments with his ‘* Venetian 
blind’ machines attracted more attention than his wind 
tunnel and whirling arm experiments. The S.B.A.C. 
Air Show at Farnborough still attracts more attention 
than all the wind tunnels which have gone on working 
the clock round to make the show possible. 

Phillips’ first machine (1893) had fifty wings, of 
curved section, each 19 ft. span and 14 in. chord, giving 
an aspect ratio of 152 for each wing! The total surface 
was 140 sq. ft. The machine was driven by a pusher 
screw powered by a 6 h.p. steam engine, round a circular 
track of 628 ft. in length. A total weight of 385 Ib. was 
lifted at a speed of 40 m.p.h. for 2,000 ft. 

In a letter to Engineering, dated 15th January 1886, 
Phillips stated, “‘My experiments have conclusively 
shown that by the use of convex surfaces, 4 Ib. weight 
may be sustained in the air by each sq. ft. of under- 
surface with a speed of current of about 40 m.p.h., and 
this without presenting any appreciable angle of under- 
surface to the current. A flat surface under the same 
conditions would present an angle of 45° and the hori- 
zontal thrust (i.e. resistance) would be very great. I 
trust that one of the scientific societies will soon 
investigate this matter.” 

Alas, the Aeronautical Society had no funds of its 
own for that purpose. 


16. W. H. Dines 


W. H. Dines (1855-1927), who became President of 
the Royal Meteorological Society and an Honorary 
Fellow of the Aeronautical Society, made many 
investigations into the upper atmosphere* by means of 
kites. He was well known for the many instruments 
which he developed and improved, e.g. the pressure 
tube anemometer, sunshine recorder, and the thermo- 
graph. 

The work of Dines is significant in aerodynamic 
history. He devised an ingenious method of balancing 
the aerodynamic forces acting on a body under test on 
the whirling arm, against the centrifugal force of an 
adjustable weight. His method, in effect, enabled 
measurements to be taken independently of the 
velocity. 

Figure 14 is a diagrammatic plan view of the method 
used by Dines. His experiments were on flat plates. 

“The instrument for carrying the plates screws on 
to the end of the long arm AB, and consists of a lever 
bent at right angles and pivoted at B. The arm BC 
carrying the plate forms a continuation of the long arm 
of the whirler; the other end ED is a graduated brass 
bar of known weight, which slides at right angles to BC, 
and can be clamped in any position. As the machine 
revolves about A, the sliding bar, unless its centre of 
mass G be on the pivot, tends to fly outwards in the 
direction GF, that is away from A, and thus to press 
the plate forwards, and the amount of this tendency, F, 


*A little lower than the 70,000 ft. plus of the supersonic age! 
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FiGureE 14. Diagrammatic representation of balance of forces 


of Dines’ whirling arm. 
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can be altered by shifting the position of the bar and 
thus altering the leverage. 

“Hence the force urging the plate forward depends 
upon three things (1) the so-called centrifugal force, 
which depends inversely upon the length of the long 
arm and directly upon the square of the velocity; (2) 
upon the weight of the bar: and (3) on the distance of 
the centre of mass from the pivot. Of these (1) and (3) 
can be altered, (1) by altering the rate of rotation and 
(3) by altering the position in which the bar is clamped. 
The force P, urging the plate backwards, depends upon 
the shape of the plate and upon the square of the 
velocity with which it is driven through the air. Of these 
the second can be altered, but any change in it produces 
an equal change in the force F, drawing the plate for- 
wards and therefore does not alter the relative 
equilibrium. Hence, as stated above, the velocity does 
not come into the question at all and need not be 
measured. When the position of equilibrium has been 
obtained, the wind pressure for any velocity is given by 
simple mathematical calculation.” 

Dines’ experiments were done at Hersham on a 
whirling arm driven by a 3 h.p. engine through a wire 
rope running in a V-grooved pulley on the upright 
spindle of the arm. The speed could be varied from 
5 to 48 m.p.h. 

These experiments, in the first place, were made to 
examine the accuracy of the anemometers used to 
measure the force of the wind. In May 1888, G. M. 
Whipple and W. H. Dines, both then Fellows of the 
Meteorological Society, read a report''*) on the Work 
of the Wind Force Committee with Anemometers, work 
of some importance in connection with the resistance 
of the bodies in an air stream. 

Arising out of these experiments Dines made a 
further series'’*"’ with the same whirling arm to 
determine the relationship between the force and 
velocity of the wind. These experiments were reported 
to the Meteorological Society and the Royal Society in 
1889. Three pairs of square and circular plates were 
tested at 90° to the air stream. The following Table 
gives some published results. 


T oe Pressure No. of Speed of all tests 
lb./sq. in. experiments 20°86 m.p.h. 
4 in. square 1-51 4 
Circle same 
area Wee | 9 
8 in. square 1°48 8 
Circle same 
area 1:50 12 
12 in. square AS 7 
Circle same 
area 1-55 14 


Of these experiments Dines wrote, “The pressure 
upon a plane area of fairly compact form is about 1} Ib. 
per sq. ft. at a velocity of 21 m.p.h., or in other words 
a pressure of | Ib. per sq. ft. is caused by a wind of 
17 m.p.h.” 
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Dines made experiments on various other bodies — 


including cylinders, spheres, cones, and rectangles and 
perforated plates. 

In June 1890 Dines reported a further series of 
experiments not only to find the total pressure, but 
also to obtain some idea of the way air flowed over 


planes at various angles of incidence. These must, | ; 


think, have been among some of the earliest flow 
experiments. The cross section of the one foot square 
wooden plates used was that of a very obtuse-angled 
isoceles triangle, with a height of 1} in. and base of 
12 in.*"”. The construction allowed the supporting arm 
to pass through the whole width of the solid wood and 
so offered no obstruction to the air flow. I quote from 
Dines’ account of his experiments. 

x . an attempt has been made to map out the 
stream lines near the surface of the pressure plate for 
various angles of incidence. 

“For this purpose 25 small pins were driven into the 
face of the board in rows 2 in. apart and a few short 
lengths of dark-coloured silk were tied to the head of 
each pin. It was somewhat difficult to see the position 
taken up by the silk, but the accompanying diagrams, 
Fig. 15, give a general idea. Each diagram is the result 
of two drawings made at different times and compared 
afterwards, and in cases where the two drawings 
showed much difference a third trial was made. The 
speed was about 35 m.p.h., that being very near the 
limit at which the silk could be seen. 

“In each diagram the front edge of the plate cor- 
responds to the top and the left-hand side nearest the 
centre of the whirling machine. The arrows indicate 
the position taken up by the silk attached to the cor- 
responding pin, and probably show the direction of the 
motion of the air at the point within a few degrees. 
There is a general tendency of the arrows to incline to 
the right, which is no doubt due to centrifugal force. 
The effect is no doubt indirect, and not due to the 
direct action upon the silk, but to the action upon the 
comparatively still air, which, being driven to the right, 
in turn moves the silk. It was evident that in the parts 
where the symmetry of the diagram was destroyed by 
a turning to the right, the motion of the air was com- 
paratively gentle, this being seen by the inertness of 
the threads in those positions. No marked change in the 
distribution of the stream lines occurred on either the 
back or front of the plate at angles between 45° and 
60°, several intermediate positions being tried. 

“Until the angle of incidence exceeds 60° there is 4 
region of still air at the back just behind the forward 
edge of the plate; the width of this seems to increase. 
but it remains at all events within 2 in. of the edge 
until the angle of incidence exceeds 60°. It is curious 
that at 75° the air should be at rest at the centre of the 
back of the plate, and pass off laterally in both direc- 
tions. In all cases the motion on the front of the plate 
was quite steady. At the back, in the case of normal 
exposure, it was decidedly unsteady; but in the other 
positions there was no difficulty in seeing the position 
of the silk threads.” 

Dines noted that the pressure varied with the 
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Fiont 60° Front 735 


Ficure 15. Dines, direction of flow over flat plates. 


height of the barometer, i.¢. with density, and that there 
was a slight temperature effect. “The lowest values 
were Obtained in a thick fog with a temperature below 
freezing point.” 

From these later experiments Dines found a value of 
k=0-0029* as against his previous figure of 0-0034. 

Dines also experimented with a long narrow strip 
4 ft. by 3 in., with the short and long sides as the lead- 
ing edge in turn. But there was difficulty in mounting 
these strips so that the supports did not interfere with 
the air flow, and the experiments did not turn out to 
be very satisfactory. 

The accurate measurement of the resistance of a 
flat surface in an air stream has been a fundamental 
task in aerodynamics from the seventeenth century to 
the present day. In the development of aircraft there 
have been many fashions, as there have been in other 


*R.Ae.S. Data Sheet, Wings 00.01.02 gives 000289 for the 
latest tests made with modern equipment check. 


spheres of development. Curved surfaces swept away 
the flat surfaces as they swept themselves back with 
supersonic speed. But the flat surface is also coming 
back again for various aerodynamic purposes. 

Dines made experiments in 1890 to test the relative 
resistances of plates at different areas. He found that 
with one of 42 sq. ft. the intensity of pressure was only 
78 per cent of that of 9 sq. ft. area. With plates of 
9 sq. ft. and 24 sq. ft. the intensity of the relative 
pressure on the former was only 89 per cent of the 
smaller plate. 

It is of interest to note that Sir Benjamin Baker 
used a square plate 256 sq. ft. in area at the Forth 
Bridge in 1882, with one of 169 sq. ft. in area for 
comparison. In his lecture to the British Association in 
1884 at Montreal, Baker gave a summary of two years 
experiments, using the means of maximum daily read- 
ings. They showed clearly that the intensity of pressure 
was greater with small than large plates, which Baker 
explained he thought must be due to the unsteady 
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motion of the wind. Dines also had noted the variation 
of wind speed by anemometers at a distance of only a 
few feet from one another. 

An interesting, and indeed enlightening, comment 
on these experiments was given by T. E. Stanton in his 
paper Experiments on Wind Pressure read before the 
Institution of Civil Engineers in 1907. Stanton himself 
carried out important experiments at the National 
Physical Laboratory. He drew the conclusion that “there 
appear to be good reasons for supposing that the mean 
intensity of pressure on similar surfaces of areas greater 
than 1 square foot, exposed to the wind, is 
independent of their actual dimensions.” 


17. S. P. Langley 


In the Report of the Smithsonian Institution for 
1897 there was published the Story of Experiments in 
Mechanical Flight®®, by S. P. Langley (1834-1906), 
Secretary of the Institution. His interest in the possi- 
bility of mechanical flight had been aroused by a paper 
by Lancaster* read at the Buffalo meeting of the 
American Association for the Advancement of Science, 
in 1886. Langley’s interest was such that less than 
five years later he was able to publish his own report 
Experiments in Aerodynamics®’’. This report gave an 
account of some astonishing experiments which had 
been made to ascertain the possibility of flight with a 
heavier-than-air machine. 

Two years later he published a volume on The 
Internal Work of the Wind, and in 1896 demonstrated 
the flight of a steam-engine driven model aircraft. This 
model weighed 30 lb. and was a tandem monoplane 
driven by twin pusher airscrews. The engine, of one 
horse power, weighed with its boiler, 7 lb. It was a 
dramatic demonstration, as it flew down the Potomac, 
near Washington, of the things to come. 

Langley’s work during those few years, roused 
considerable interest, not only on account of his experi- 
ments, but because he was the Secretary of the Smith- 
sonian, and that gave a cachet to experiments which 
could not be obtained by private individuals in the days 
when flying and lunacy were in the same order of human 
frailty. He was also the first man to receive a sub- 
stantial official subsidy to enable his researches to 
be made. 

In his own account Langley records that he owed his 
early success with his large flying model to the vital 
data he had obtained. 

‘“*It has taken me, indeed, but a few years to pass 
through the period when the observer hears that his 
alleged observation was a mistake; the period when he 
is told that if it were true, it would be useless; and the 
period when he is told that it is undoubtedly true, but 
it has always been known.” 

What a comfort to aeronautical designers would it 
be if Langley’s words were hung over the desks of . . .! 

Langley’s experiments were chiefly made with a large 


*J. Lancaster. See Annual Reports, 1882 and 1884 of Aero- 
nautical Society. 
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whirling arm. 
metrical wooden arms, each 30 ft. in length, revolving 
in a plane 8 ft. above the ground. The arms were driven 


It consisted, essentially, of two sym- 


by a 10 h.p. steam engine and, through gearing, could ' 


be driven at speeds from 10 to 100 m.p.h. Langley 
stated that the actual top speed never exceeded 7) 
m.p.h. on account of slip, but that it was accurately 
known through electric timing apparatus during tests, 

He designed a number of ingenious and interesting 
pieces of apparatus for use with the arm. One of his 
first experiments was with what he called the suspended 
plane. This was a one foot square sheet of brass, 
hanging vertically when the arm was at rest. As the 
arm was driven round at increasing speed, the air 
pressure steadily inclined the plane from the vertical. 
Langley drew the conclusion from this experiment that 
in horizontal frictionless flight the greater the speed the 
less the power required to maintain it, and the smaller 
the angle of incidence. 

Another instrument obtained graphically the total 
resultant pressure on an inclined square plate of one 
square foot area. Tests were made at varying speeds 
and angles of incidence. 

Langley throughout gives full tables of measurements 
and details of the precautions he took to eliminate 
errors. 

His next series of tests was to find out the difference 
in time to fall, of a flat plate being dropped horizontally, 
and one being allowed to fall when projected hori- 
zontally. or this purpose he devised an ingenious 
instrument to fit on to the end of the arm, the so-called 
“plane dropper.” These experiments confirmed his 
belief that less expenditure of power was required at 
high speeds than low ones. 

There was, and still is, much misunderstanding of 
what Langley actually meant, so I quote his own words 
from his introductory chapter to his experiments. 

“These new experiments show that in such an 
aerial motion there be given a plane of fixed size and 
weight, inclined at such an angle, and moved forward at 
such a speed, then the more rapid the motion is, the less 
will be the power required to support and advance it. 
This statement may, I am aware, present an appearance 
so paradoxical that the reader may ask himself if he 
has rightly understood it. To make the meaning quite 
indubitable, let me repeat it in another form, and say 
that these experiments show that a definite amount of 
power so expended at any constant rate will attain more 
economical results at high speeds than at low ones— 
e.g. one horse power thus employed will transport a 
larger weight at 20 miles an hour than at 10, a stil 
larger at 40 miles than at 20, and so on, with an 
increasing economy of power with each higher speed, 
up to some remote limit not yet obtained in experiment, 
but probably represented by higher speeds than have as 
yet been reached in any other mode of transport—a 
statement which demands and will receive the amples! 
confirmation later in these pages.” 


Of this conclusion he also said, “It presents ai 


appearance so paradoxical that in view of its obviously 
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extraordinary importance I have endeavoured to estab- 
lish it wholly by experiment without any formula what- 
ever.” 

For this purpose he constructed another instrument 
which he called The Component Pressure Recorder. 
Its object was to measure the horse power required to 
overcome the resistance to a plane moving at an angle 
tothe horizon. The instrument recorded simultaneously 
the lift and the drag. » Nine oblong planes of different 
sizes were tested, and some 95 tests in all were made. 
Langley found a difference of pressure due to aspect 
ratio and said, ‘* This predominating influence of aspect 
is, so far as | am aware, now for the first time clearly 
set forth.” 

This is a curious statement in view of the published 
work of Wenham—which he acknowledges in_ his 
Introduction to his Experiments in Aerodynamics. In 
a footnote he acknowledges the earlier work of Hutton 
inthe eighteenth century to which his attention had been 
drawn after he had completed his experiments. 

Langley made no reference to the work of Robins 
(Section 3), who tested an oblong plate in an air 
stream at an angle of 45°, with the long and short side, 
in turn, as the leading edge, in 1745; or of R. L. 
Edgeworth who did the same experiment with a whirling 
arm of 6 ft. radius in 1781, using a metal plane 9 in. by 
4 in. 

Langley was confirmed in his conclusion that less 
power was needed for horizontal flight at high speeds 
than at low speeds, and finished his chapter on these 
experiments with the triumphant words: 

“In this connection T may state the fact, surely of 
extreme interest in its bearing on the possibility of 
mechanical flight, that while an engine developing one 
horse power can, as has been shown, transport over 
200 pounds at the rate of 20 metres per second (45 miles 
an hour), such an engine (i.e. engine and boiler) can be 
actually built to weigh less than one tenth of this 
amount.” 

In the course of further experiments he designed an 
apparatus to determine the movement of the centre of 
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pressure, at various angles of incidence, of a flat plane. 
He was then totally unaware of the work of Joessel in 
1870 and Kummer in 1875/76, a fact he acknowledged 
in an Appendix in his own work. Langley’s experi- 
ments on the C.P. shift were made in 1888. 

His figures confirmed the results obtained by 
Kummer, whose experimental method had been very 
similar. Kummer’s work was more extensive than 
Langley’s, who confined his tests to square plates, while 
Kummer extended his to rectangular ones. 

Langley’s fame rests more surely on his success with 
his power-driven model flights of 1896 than upon much 
of his experimental work, remarkable as it was at that 
time. His work drew wide attention to the possibility 
of flight with the steam engines then known. But he 
did not consider the problem of control. Many of his 
figures could be challenged on the grounds that they 
were averaged from very divergent readings. 


18. Hiram Maxim 

Following a discussion in 1887 on the possibility of 
making a heavier-than-air flying machine, Hiram Maxim 
(1840-1916), by then a man of some wealth, declared 
he thought it possible. Two years later he began his 
great and expensive and not very useful experiments. 

A study of available literature showed wide diver- 
sities of ideas, theoretical and practical. “‘I therefore 
decided,” he declared, “‘to make experiments myself, 
and to ascertain what could be done without the use 
of anybody’s formula.” 

Maxim assertively believed in practice over theory. 
He lived at a time when engineers found it difficult to 
understand the value of “curly” dv’s and mathematicians 
lived in the ivory towers of the major provincial univer- 
sities. Of mathematicians Maxim wrote in his book 
Artificial and Natural Flight©®, written after he had 


FIGURE 16. Maxim’s whirling arm. See text. 
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spent over £20,000 without success, ‘But as no two air 
agree on this (skin friction) or any other subject, some 
not agreeing today with what they wrote a year ago, | 

« > think we might put down all their results, add them can 
together, and then divide by the number of mathema- tha 


ticians, and thus find the average coefficient of error.” , gop 

In describing his experiments Maxim took great fact 
pains to explain the great care he took to eliminate all and 
sources of error so that what data he obtained were the 


P infallible, whatever data any one else had obtained. He 
His experiments were made in a variety of ways,  to_ 
making use of the whirling arm technique, the wind cur 
ra tunnel, and special apparatus he designed himself. The acc 
whirling arm, Fig. 16, was on a large scale, with a cou 
200 ft. circumference, for testing. The arm was provided 
with instruments for measuring the speed, lift and drag dia: 
> of the aerofoils; for adjusting the arm and all its arm 


attachments so they were balanced while tests were wei 

being made; and so on. Maxim even placed horizontal of t 

four-bladed metal screws round the circumference of — arm 

the track, balanced on hardened steel points, to find out the 

' the downward speed of the air when large planes were _fric! 
< en being tested. The whole apparatus was made as light bali 
as possible, and was operated as far as possible ina mez 

calm, even a slight wind interfering greatly with the wat 

accuracy of the readings. fabt 

A large number of aerofoils were tested. Maxim and 

declared, as a result, that he had been able to demon- | 

Ficure 17. Flow through an airscrew. Maxim. strate that a power loading of 133 Ib. per h.p. could be _ effic 
obtained and that a curved aerofoil would have an Mo 
L/D of 14 at an angle of incidence of 4. Maxim mea 
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FIGURE 18. Maxim’s wind tunnel. See text. 
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19. Maxim’s steam 
condensers under test. 


came to the conclusion 
that an aerofoil, slightly 
concave on the lower sur- 
face, with sharp leading 
and trailing edges, was 
the most efficient type. 
He was, however, unable 
to picture the flow over 
curved surfaces with the 
accuracy he believed he 
could. 

Figure 16 shows a 
diagram of the whirling 
arm. An adjustable lead 
weight on the short end 
of the arm, balanced the 
arm and its attachments, 
the whole apparatus resting on ball bearings to lessen 
friction. The lift was measured by weights in the 
balance panr. A water gauge p enabled the speed to be 
measured, the centrifugal force of rotation causing the 
water to rise in the tube. The planes under test were 
fabric covered, varied in size from 6 in. to 4 ft. in width, 
and were mostly tested at an angle of incidence of 4°. 

Maxim made many investigations to ascertain the 
efficiencies of airscrews of various forms and sizes”. 
Most of them were tested by running them and 
measuring the power transmitted through a dynamo- 
meter. At that time there was some argument about 
exactly what the air flow was through an airscrew. 
“Some inventors suggested that a screw should work 
in a stationary cylinder,” said Maxim. better 
still that the whole screw should be encased in a 
rotating cylinder, to prevent the outward motion of the 
air. In order to ascertain what the actual facts were, 
I attached a large number of red silk threads to a brass 
wire, which I placed completely round the screw (Fig. 
17). Upon starting up, | found that instead of the air 
being blown out at the periphery of the screw, it was 
in reality sucked.” 

Maxim paid very close attention to the airscrew 
problem, for he was rightly convinced that, at that time, 
airscrews provided the best means to obtain the thrust 
required for heavier-than-air flight. 

It was to the wind tunnel that Maxim paid most 
attention. He, like many others, had been impressed 
by the work of Horatio Phillips. Fig. 18 shows sectional 
views of his tunnel, which was 12 ft. in length and 3 ft. 
square internal section. The tunnel was connected to 
a4 ft. square box, through which the air stream, created 
by a pair of fans on a common shaft, passed to the 
tunnel. Vertical and horizontal slats, as shown in the 
section VW, served to straighten the air flow. A small 
steam engine provided an air speed up to 50 m.p.h. 

The resistances of square and circular rods were 
tested, as well as those of various streamline and other 
shapes, the lift and drag of curved aerofoils, and multiple 
arrangements, and the effects of placing objects 
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too close to one another in the air stream. “It will be 
seen by this,” commented Maxim, on the last experi- 
ment, ** that the various members constituting the frame 
of a flying machine should not be placed in close 
proximity to each other.” 

For the condenser tubes of his steam engine, Maxim 
used the curved surfaces developed by Phillips, for he 
found that they were not only highly efficient for cooling 
purposes but had less drag than other shapes and would 
also have the advantage of providing a certain amount 
of lift. 

Figure 19 shows a number of Phillips’ thin brass 
aerofoils in position for testing at the end of the open- 
mouthed tunnel. 

Figures 20 and 21 show various shapes and aerofoils 
which Maxim tested for the construction of his flying 


Various shapes tested by Maxim in the wind 
tunnel. 
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TABLE I (Maxim) 


Speed 40 m.p.h.; drag in pounds 


Figure Left hand Right hand 


forward forward 
a 0°78 1°22 
b 0:28 0:42 
c 0:23 0°59 
d 0:19 0-19 


(The shapes were made of thin wood, actual 

thickness not given. “These experiments show,” 

wrote Maxim, “in a most conclusive manner 

the shapes that are most advantageous to use 

for constructing the framework of flying 
machines.”) 


TABLE II (Maxim) 


Speed 41 m.p.h. 


° Angle 
Aerofoil Angle Lift Drag L/D (slope) 
a 5°73 9-94 ile 9-0 1 in 10 
b 4:09 5°28 0°44 12:0 1 in 14 
4:78 5°82 0°50 11°6 lain. 12 
5°75 6°75 0°73 9:2 1 in 10 
7:18 1:00 TID 1 in 8 
8:22 8:5 1:25 l in 7 
9-6 9°87 1 in 6 
c 4:78 6°12 0°54 11:0 1 in 12 
4:78 6°41 0°56 11:4 1 in 12 
3°58 5°47 0°37 15-0 1 in 16 
5°73 6:97 0:70 9:9 1 in 10 
7°18 8-22 1:08 76 1 in 8 
8:22 9:94 1-45 0 Lain 7 

9°6 10°34 75 6:0 1 


in 6 
machine, to find out the least resistances and the greatest 
lifts. They were all tested at a speed of 40 m.p.h. 
Tables I and II give a summary of some results, 
which, however, he kept on the secret list for about a 
dozen years after they were obtained, and after he had 
spent more money than he expected. Nevertheless these 
tests were the first to be made in such detail as to the 
actual method of testing and of obtaining results. The 
Society’s tests were on flat plates only and incomplete 
in details, while Phillips only published his tests on 
aerofoils at an angle of incidence of 15°. 

Following his experiments Maxim constructed a 
machine in 1893 of 4,000 sq. ft. area, weighing 8,000 
lb. including engines, water supply, and three or four 
crew. The aeroplane was mounted on wheels to run 
along a railway track which he built in the grounds of 
Baldwyn’s Park. The track was some 2,000 ft. in length 
and upper rails were constructed to take the wheels if 
the machine lifted too rapidly. 

The two engines developed 180 h.p. each and 
weighed only 320 lb. each. 

Several runs were made along the track. In the final 
one the lift, after about 1000 ft. or so, was great enough 
to break the upper track, allowing the machine to 
become out of control and be wrecked. “In the experi- 
ments which led to the accident,” wrote Maxim, “the 
total lifting effect upon the machine must have been at 
least 10,000 Ib.” 

One man, at any rate, had shown that a large lift 
could be obtained with a steam engine, and that the 
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FIGURE 21. 


internal combustion engine was not a necessary factor 
for heavier-than-air flight. Maxim’s steam engine was 
far lighter per horse power, including boiler and 
accessories, than the one used by the Wright Brothers 
in their 1903 flight. 


19. Nikolai E. Joukowski 


In 1891 N. E. Joukowski (1847-1921), whose work 
on air flow made him a world figure in aerodynamic 
theory, built a small circular wind tunnel of about 2 ft. 
in diameter. In 1886 he had been appointed the Pro- 
fessor of Mechanics at the University of Moscow, where 
he lectured on Aerodynamics. His courses on The 
Theoretical Laws of Aerodynamics, with their Applica- 
tions to Aerial Navigation were published in book 
form'*), There is described some of the results of his 
experiments and the conclusions to which he had 
come. 

His note book, wind tunnels and other reminders of 
his remarkable genius are now to be seen in the House 
of Aviation in Moscow’. 


20. Irminger and Vogt 


H. C. Vogt, a marine engineer of Copenhagen, was 
a member of the Aeronautical Society for many years 
in its early days. He was long known for his work on 
airscrews, with the help of Johan Irminger, director of 
the Copenhagen Gas Works. They made some of the 
earliest experiments, in 1893, on pressure distribution 
in wind tunnel experiments °°: **), 

At the gasworks was a 100 ft. high chimney and 
this provided the novel means for inducing an air flow 
through the tunnel. An opening was made in the S ft. 
diameter chimney stack, and one end of the tunnel was 
fixed in the opening, as indicated in Fig. 22. The 
tunnel measured 9 in. by 44 in. and was 3 ft. 4 in. long. 
The speed of the air flow through the tunnel could be 
controlled by means of a shutter, and be varied 
from 17 to 35 m.p.h. 

Figure 23 shows the pressure plotting apparatus. 
Two iron sheets a tenth of an inch apart, were jointed 
along their edges to form a small closed box. A num- 
ber of holes were made in both surfaces, and could be 
opened one at a time, so that the pressure could be 
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He was much helped in some of 
his work by his son Ludwig, with 
whom he collaborated in several 


papers. Ludwig was one of the 
earliest experimenters to publish 
photographs of air flow past 


obstacles, in a wind tunnel. Randers- 


8) 


FIGURE 22 (above). Wind 


= 2 tunnel diagram. (Vogt.) 

Figure 23 (left). Pressure 
} plotting diagram. (Vogt.) 

} measured at that point. 
on ' The box was the full 
width of the tunnel, 44 
in. and 14 in. broad. A 
é similar testing box was 
also tried, 24 in. wide, so 
— leaving a clearance each 
ork side of the tunnel walls. 
nic | Measurements of pres- 
ft. sure distribution were 
r0- 1080 made in a similar way 
ore over the surfaces of 


he prisms, spheres, cubes, cylinders and cones, and many 
diagrams appear in the original paper of the plots over 
ok Such surfaces. 


his 
ad 91. Ernst and Ludwig Mach 
of The name of Ernst Mach (1838-1916) has come into 


ise Wide prominence, in aerodynamic history, with the use 
of the term Mach number. It is a characteristic quirk 
of fame that he should be so widely known for just 
that, in this country. Joseph Black, although giving the 
major part of his paper®®’ in the Journal of the 
as Society to Ernst Mach as a pioneer of supersonics, 
is rightly points out that he was a pioneer in new concepts 
on in mechanics, concepts which influenced Einstein’s 
of work on the theory of relativity. 
he In April 1887 there appeared a paper by Ernst 
yn Mach and Salcher on Photography of Projectile 
Phenomena in Air. 1 quote from Black’s paper: 


id “Shells were fired at varying muzzle velocities past 
w the metal plates of a condenser connected to a charged 
Ft. Leyden jar, the shell automatically taking a schlieren 


aS photograph of itself by causing the discharge of an 
e electric spark. About eighty photographs with knife 
g. edges both vertical and horizontal were taken . . . and 
considering the quality of the photographic materials 
d then available, they are a remarkable achievement.” 
A photograph taken by Mach of a shell in flight, 


S. showing the shock wave was given in Black’s paper. 
d But Mach was concerned with the speeds of pro- 
1- jectiles and made no comments at any time, as far as 


e I know, on the aerodynamics of flight, although the 
e shock wave was no stranger to him. 


Pehrson***? states that Ludwig Mach 
began his experiments as early as 
1893. Eighteen of his photographs, 
together with a description of the technique to make the 
flow visible, were published in his paper'’’ as early as 
1896. The wind tunnel had a cross section of 10 in. by 
7 in. Three sides were blackened, a glass window form- 
ing the fourth. Air was sucked through the tunnel by 
a fan at 22 m.p.h., a wire mesh being used to lessen 
the turbulence. 

The air speed was measured by means of vibrations 
caused by the introduction of a Koenig flame into the 
air stream. Mach used various methods to make the 
flow visible, among them being fine quartz dust, starch 
powder, sulphur and sal ammoniac and other finely 
divided materials in the stream. He also tried silk 
threads, but they became hopelessly entangled. Ulti- 
mately he found and continued the schlieren method to 
obtain the flow photographs. Twelve of these 
photographs are here reproduced. 

In Fig. 24 (1) shows the use of cigarette smoke pass- 
ing over a flat plate at 90° to the air stream; (2) the 
use of silk-threads; (4, 5) a number of silk threads 
moving past a cylinder and a shell-shaped body. As can 
be seen this method was most unsatisfactory. In (6) can 
be seen the “cluster of little clouds” as described by 
Marey™*’ of Mach’s work, caused by the Koenig flame 
seen in (3). The photograph of these “clouds” was 
taken by the schlieren method. 

In Fig. 25 the schlieren method was used through- 
out. (7) and (8) show the flow over a flat plate set 
at right angles across the air stream; (9) and (10), with 
a plate with one central hole and a series of holes; (11), 
the flow over a curved surface; (12), another photograph 
over a curved surface. 

These photographs may be disappointing in the 
eyes of those accustomed to high-powered modern 
technique, but they were the beginnings of a very 
remarkable development. Mach commented that there 
appeared to be a lack of direction of the air current 
passing over an object, which he said showed con- 
tinual oscillations which he attributed to changes in 
the aerodynamic pressure. 

By 1900 Professor Marey, who had earlier photo- 
graphed water flow past articles, was showing some 
remarkable clear photographs of air flow. (See Section 
24). 


22. Charles Renard 


In the 1890’s a wind tunnel was in operation at the 
military research station at Chalais Meudon, France, 
under the supervision of Colonel Charles Renard (1847- 
1905), one of the leading French aeronautical experi- 
menters. As the tunnel was used for the study of the 
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design of airships for military purposes, little informa- 
tion of any use was allowed to leak out at the time. It 
is known that the tunnel was a circular one, with a 
diameter of 2 ft. 7 in., length 13 ft. A fan provided an 
air current and a speed of SO ft. per sec. could be 
reached”. 


23. Paul Lacour 


Paul Lacour carried out research in Denmark on 
windmill sails °*: °*) between 1897 and 1900. He used 
two wind tunnels, circular in section, made of sheet 
iron. Each was 7 ft. in length, but one had a diameter 
of 3 ft. and the other of | ft. 6 in. An electric fan pro- 
vided an air stream of 33 ft. per second. Radial fins 
inside the tunnels were used to straighten the flow 
and the models being tested were placed about 3 ft. 
outside the open mouth of the tunnel. 


24. Etienne Marey 


In the Annual Reports of the Aeronautical Society 
for 1871 and 1872 there was published a translation of 
Dr. Marey’s great work The Mechanism of Flight in the 
Animal Kingdom, a work based on a course of lectures 
delivered at the College de France, Paris. Marey (1830- 
1904) had made a special study of the movements of 
the wings of birds and insects in flight and invented a 
number of ingenious pieces of apparatus to record these 
movements, with a view to obtaining data for the solu- 
tion of the problem of heavier-than-air flight. 

He turned his attention to photographic methods **? 
and as early as March 1893 he showed photographs to 
the French Academy of Sciences of the flow of liquids 
over various shaped bodies. In 1899 he began the study 
of the flow of air over these bodies as well. He used a 
vertical wind tunnel **:**’ through which the air was 
drawn by suction, downwards. The tunnel measured 12 
by 8 in. (increased to 20 by 8 in. the following year) 
and had a dark back wall, and sides of plate glass. At 
the top end of the tunnel there was a series of small 
jets, fixed rather like a comb to look at. Through these 
jets, to quote Marey’s own account, “threads of smoke 
which descend parallel to one another like the cords of 
a lyre.” moved past any object in the stream. A fine 
silk gauze was used to smooth out the flow. 

Figure 26 shows a photograph of the tunnel. A 
magnesium flashlight, in a ventilated box fitted at one 
side of the tunnel, is shown on the right. Figures 27, 
28 and 29 are three photographs of flow over a flat 
plate, taken under different conditions. In Fig. 27 the 
exposure was by flash; in Fig. 28, the smoke jets were 
intermittent; and in Fig. 29 the exposure was one of 
seven seconds using a magnesium ribbon. I quote 
Marey: 

“. . In the construction of my new apparatus the 
section of the tunnel was increased from 20 to 50 cm. 
and the smoke threads from 20 to 58. The filtering 
cloths were replaced by silk gauzes with a very small 
mesh, and I finally introduced into the experiment a 
chronographic system which allows us to measure the 
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speed of each smoke thread in different parts of its 
course. For this purpose the system of small tubes which 
provide the smoke jets is subjected to a lateral shake 
repeated 10 times a second. An electric vibrator regu- 
lates the movement, and as a result the smoke threads 
do not form parallel lines but sinusoidal curves. These 
curves are preserved during the whole of their path. 

“In the interior of the tunnel a small scale 20 cm. 
in length, serves to measure the space traversed by the 
molecules of air in each 10th of a second. 

‘“\. . When there is no obstacle offered to the air 
current the smoke thread remains rectilinear and 
parallel. If we place an inclined plane in the current the 
smoke threads enlarge in meeting it, which indicates 
that they lose velocity before following opposite direc- 
tions. Some mount towards the upper edge of the plane, 
others glide upon each other without intermingling and 
escape by the lower edge. On each side of the obstacle 
the smoke threads continue their motion very close 
together, leaving behind the inclined plane a space 
where the air is motionless and only gives a smoky 
cloud. This space where the eddies or whirlpools occur 
is larger in proportion as the obstacle to the air current 
is larger. 

“To note the speed of the air current in different 
parts of its course we repeat the experiment, subjecting 
the smoke threads to the above mentioned vibrations 
and then the threads instead of being rectilinear present 
a Series of lateral inflections which are preserved during 
all their course. These inflections remain equidistant if 
the speed of the current is everywhere the same, but if 
the current speed diminishes the inflections are closer: 
if it is rapid they are more distant from each other and 


FiGURE 26. Marey’s smoke tunnel. 
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Ficure 30. Marey. Flow past streamline shapes. 


the space moved over in a given time is measured by 
means of the metric scale.” 

Marey reported that “the actions of different bodies 
in an air current were identical to those in liquid cur- 
rents.” He referred to the work in the 1890’s of Hele- 
Shaw on streamline flow in liquids, which aroused 
considerable interest at the time, and also controversy 
of the methods used by Hele-Shaw to make the fluid 
flow visible. I am, however, avoiding entering the water 
while preparing this paper. 

Figure 30 shows the air flow over two slightly 
differing streamline shapes. 


25. A.F. Zahm 


The largest wind tunnel made before the Wright 
Brothers flew was constructed by A. F. Zahm (1862- 
1954), at the Catholic University, Washington, in 1901. 
It was paid for by Hugo Mattullath, a wealthy American 
manufacturer, who believed that the flying boat would 
be the flying machine of the future. Zahm, like many 
much earlier experimenters, had been interested in air 
resistance from a ballistics point of view, and in 1898 
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FIGURES 27, 28, 29 (left), 
Marey’s streamline photographs, 


had written a paper “The 
resistance of the air deter- 
mined at speeds below one 
thousand feet a second, with 
descriptions of two new 
methods of measuring pro- 
jectile velocities inside and 
outside the gun.” 

Zahm’s tunnel was 6 ft. 
square in section and S50 ft. 
in length with glass observa- 
tion panels®**. A 10 hp. 
electric motor drove a 5 ft. 
suction fan to provide an 
air current of 27 m.p.h. The current was smoothed 
through fine-meshed cloth screens. Zahm tested the 
regularity of the flow by allowing a tiny balloon to 
float along the walls and ceiling and also down the 
centre of the tunnel. At various points silk fibres were 
fixed so that their movements could be observed and 
measured to indicate the flow at particular points. The 
walls and ceiling were papered to give as smooth a sur- 
face as possible and the tunnel could be fitted with 
movable liners, of small area to increase the speed of 
flow. Zahm devised a number of types of research 
apparatus which became widely used in later years. 

Mattullath died the year after the tunnel was built 
and the research work on the proposed flying boat came 
to an end, although the tunnel continued to be used for 
another seven years. The first twelve months’ work on 
the tunnel had been largely devoted to testing models 
of the supporting surfaces and structural parts for the 
boat, and naturally nothing was released at the time of 
the results which had been obtained”. In June 1902 
Zahm sent a description of his tunnel and the work he 
had been doing, without data, to the meeting at 
Pittsburgh of the American Association for Advance- 
ment of Science. It was entitled “New Methods of Ex- 
perimentation in Aerodynamics” and was reprinted in 
the two volumes of Zahm’s papers published in 1950. 


26. The Wright Brothers 


On 18th September 1901, Wilbur Wright (1867- 
1912) lectured before the Western Society of Engineers 
in America on Experiments and Observations in Soaring 
Flight. In giving a description of the work of himself 
and his brother at Dayton and Kitty Hawk he said 
that they were beginning experiments to determine 
“the amount and direction of the pressure on curved 
surfaces when acted upon by winds at various angles 
from zero to ninety degrees.” During their gliding 
experiments at Kitty Hawk they had relied upon the 
data provided by Lilienthal. From this data the 
brothers had calculated that their first glider would fly 
in a wind of 21 m.p.h. at an angle of incidence of 3°. 
Instead, in winds varying from 25 to 30 m.p.h., the 
angle of incidence was nearer 20° than 3°. 
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FiGureE 31. Wright Brothers’ wind tunnel. 


The Wrights decided to make a series of full-scale 
tests with their glider, the first ever made in aero- 
dynamic history, flying it in a wind of known speed. 
These tests showed that the drag was only half what 


they had expected, and the lift was lower than 
calculated. They decided to do their own aerofoil 


In the autumn of 1901 the brothers built a wind 
tunnel, Fig. 31, 22 in. square section, 5 ft. long. A fan 
provided an air speed of 25 to 35 m.p.h., a wire mesh 
and sheet-iron honeycomb being used to straighten the 
current. 

More than 200 aerofoils were made and tested. They 
were constructed from 20 gauge sheet steel, with aspect 
ratios of from | to 10, spans up to 124 in., camber 1/6 
to 1/20, flat plates and curved ones, turned up trailing 
edges, square and rounded wing tips, bird wing section, 
square, oblong and _ elliptical shapes, monoplane, 
biplanes of various gaps. The aerofoils were tested at 
angles of 0, 24, 5, 74, 10, 124, 154, 20, 25, 30, 40 and 
45°, a very astonishing achievement. 

Several thousand readings were made in a little 
more than two months. Fig. 32 gives original plottings 
of some of the aerofoils tested. Figure 33 gives five out- 
lines of plan forms and sections chosen from the many 
tested. Reading from the top downwards, Wilbur 
Wright wrote to Octave Chanute about the top one, on 
lSth December 1901, and commented “highest dynamic 
efficiency of all surfaces shown.” The next is a bird 
wing section and the third “has least travel of pressure 
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FIGURE 32. 
of some of the aerofoils measured in the Wright wind tunnel 
in 1901. 


Original plottings giving the profile and plan forms 


at gliding angles.” The fourth was a Lilienthal model 
aerofoil and the bottom one a Langley model aerofoil. 

Dr. Lewis, when Chairman of the National Advisory 
Committee for Aeronautics, in his Wilbur Wright 
Memorial Lecture of 1939, spoke of the research the 
Wrights had done. The full story and data were not 
published until December 1953, the fiftieth anniversary 
of the first flight'**- *’’ but Dr. Lewis was given special 
access to some of it by Orville Wright, for the purpose 
of the lecture. 

“This is indeed a surprising research programme 
for the year 1901,” he declared. “I wish to emphasise 
particularly the broad fundamental point of view it 
shows. So clear was the Wright Brothers appreciation 
of the basic factors in the problem that they included 


| 
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FIGURE 33. 


A few aerofoils tested by the Wright Brothers 
and their plan forms. 
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all but one of the most important variables that have 
since concerned us in wing and aerofoil research. In 
this respect most subsequent research along this line 
appears mainly to have been in extension and experi- 
ment of its basic outline. Since it was never published, 
the research programme clearly bears the independent 
approval of eminent research scientists in this field, who 
have almost universally employed the same method of 
attack.” 

Lewis discussed the Wrights’ methods of measuring 
lift and drag. 

“The lift was balanced against a set of resistance 
plates (see Fig. 34) which had previously been calibrated 
against the drag of a square flat plate of known area in 
the same position in the air stream as the wings to be 
investigated. 

“The drift was measured as a percentage of the lift 
(see Fig. 35). Thus far the steps taken were mainly to 
obviate difficulties resulting from non-uniform and non- 
constant velocity in the air stream, though care had 
previously been taken to reduce these to a minimum. 
Still, however, no direct measurement of actual forces 
to be expected on the full-sized wings was available. 
This was accomplished by the use of a glider tested in 
1902. The glider had a wing scaled up from one of 
the models tested in the wind tunnel and by means of 
glide tests in winds of known velocity it was possible to 
determine the lift and drag as actual forces. These 
tests in effect calibrated one of the wings tested in the 
wind tunnel for full scale conditions, and since the 
relation of the other wings to this wing was known from 


Lift measuring instrument for the Wright wind 
tunnel 1901. 


FIGURE 34. 
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the wind tunnel measurements the characteristics to be 
expected from all the wings when flown full size were 
directly indicated by the wind tunnel data. 

“This description from Orville Wright reveals, | 
believe, one aspect of the Wright brothers’ research ‘ 
work that has never been realised before—the fact that 
they adopted an expedient in the year 1901 that auto. 
matically corrected measurements at small Reynolds 
number to the Reynolds number encountered in flight. 
By the step described they reduced the critical assump- 
tions to one: That the order of merit of the aerofoils 
would not be seriously affected by Reynolds number, 
though the absolute values of the coefficients might 
change. I[t was not until about thirty years later that 
aerodynamic research settled this question and showed 
that at least for a number of critical aerodynamic 
characteristics the assumption was valid. 

“One other point of interest in this connection 
deserves note. Using the average flight measurements 
on their 1902 glider and the wind tunnel results on 
models, the Wright Brothers calculated that the unit drag 
of a square flat plate of large area was equal to the 
square of the speed in miles per hour multiplied by 
the coefficient 0-0033. At the time Orville Wright told 
me they had their choice among figures varying from 
(0:0025 to 0-0055 based on iables by other investigators. 
Much subsequent research has led to the general 
adoption of the figure 0-00328 for the coefficient in 
question; truly an astonishing agreement with the value 
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Drag/Lift measuring instrument for the Wright 
wind tunnel, 1901. 


FIGURE 35. 
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reached by the Wright Brothers through averaging a 
gries Of results obtained in flight measurements on a 
glider in the year 1902.”* 

There is no doubt that these months of aerodynamic 
research by these two men, with the simplest home- 
constructed equipment, places them in a class by 
themselves. They saw their problem as a whole, and 
they set an inspiring example to solve it by simple 
methods with a clarjty of vision which is so character- 
istic of pioneering genius. 

On 17th December 1903 the two men made four 
fights, the longest of which was 862 ft., and lasted 59 
seconds. 

On 28th December 1903, Wilbur Wright wrote to 
Octave Chanute, who had given them so much encour- 
agement Over the years. 

“One of the most gratifying features of the trials,” 
he wrote, “* was the fact that all our calculations were 
shown to have worked out with absolute exactness as 
far as we can see, though we have not yet made our 
final computations on the performance of the machine.” 


Wilbur Wright had that 


‘Imagination, which, in truth, 
Is but another name for absolute power 
And clearest insight, amplitude of mind, 
And Reason in her most exalted mood.” 


Wordsworth 


Many thanks! 
TO: 


John Dunsby, Associate Fellow, Head of the Aero- 
dynamics Group of the Technical Department of the 
Society, and Miss E. C. Pike, Associate Fellow, 
Technical Editor of the Society, for so critically reading 
and usefully commenting upon the draft of the paper. 

Professor A. R. Collar, Fellow, Professor of Aero- 
nautical Engineering at the University of Bristol, and 
Rear-Admiral Brian Egerton (late R.N.) for their help 
over Section 2 on Isaac Newton. 


Basil Miller, Fellow, for his help over Section 21 
on Ernst and Ludwig Mach. 

J. L. Nayler, Fellow, late Secretary of the Aero- 
nautical Research Council, for his help over some of 
the more difficult references. 

The ever-willing, ever-searching, and ever-patient 
Librarians and their staffs of the Patent Office, the 
Royal Institution, and the Royal Aeronautical Society. 


Those members of the Branches of the Society who 
heard something of what has now been written down 
and who spoke up to ask the helpful questions. 


‘Still more modern research suggests the coefficient is 0:00289. 
See footnote Section 16. 
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Rocket Engines 


by 


S. ALLEN, F.R.Ae.S. 
(Chief Engineer (Rocket Division) Armstrong Siddeley Motors Ltd.) 


The 1,000th Lecture to be given before the Soccety and 
the 27th Main Lecture to be held at a Branch of the Society 
was held under the auspices of the Henlow Branch. The 
lecture, “ Rocket Engines,” was given by Mr. S. Allen, 
F.R.Ae.S., on 11th October 1956. Professor A. J. Murphy, 
A.F.R.Ae.S., President of the Henlow Branch, opened the meet- 
ing, and Mr. E. T. Jones, C.B., O.B.E., F.R.Ae.S., President 
of the Society, presided for the rest of the meeting. 


PROFESSOR A. J. MURPHY: Tonight they had the great honour 
of welcoming to Henlow for the first time the parent body 
of the Royal Aeronautical Society for a Main Society Lecture. 
On behalf of the Branch he welcomed the President, Mr. E. T. 
Jones, several Members of Council and other members of the 
Royal Aeronautical Society. 

He had been asked to introduce Mr. Jones, and of all the 
redundant things that he had been called upon to do, that 
was the most unnecessary. All of them were aware of Mr. 
Jones’ distinguished career in aeronautics and would forgive 
him, as he knew Mr. Jones would, if he did not enlarge on 
that aspect. However, there were a large number of people 
both from the Royal Air Force and the Ministry of Supply 
present and it seemed appropriate to recall that Mr. Jones 
served as a pilot and flying instructor in the Royal Flying 
Corps and Royal Air Force until 1919. Thereafter he joined 
the Aerodynamics Department of the R.A.E. at Farnborough 
and since then, as they knew well, he had played an increas- 
ingly distinguished part in the experimental establishments 
connected with the Aircraft Industry and the Royal Air Force 
and in the field of Aircraft Research and Development. This 
year, in addition to being elected President of the Royal Aero- 
nautical Society, Mr. Jones became the Director-General of 
Technical Development (Air) in the Ministry of Supply. 


MR. E. T. JONES: This was the first Main Lecture of the 
Society to be held at the Henlow Branch and in that respect 
the evening was an historical one. 

The practice of holding Main Lectures of the Society at 
Branches was started in 1948 and the underlying idea was to 
take the Society to the Branches. 

In all, some two dozen Main Lectures had now been 
given at one or other of the twenty-four Branches of the 
Society and it gave him much pleasure to see such a large 
attendance. 

This was but the second Main Lecture of the season and 
curiously enough it was the second to be held at a Branch, 
This fact caused him to look more closely at the lecture 
programme and he found that four Main Lectures out of a 
total of nine this season would be held at the Branches. Thus 
the Council was doing its best to bring the Society more and 
more into contact with the Branches and this must surely be 
a good thing for all those who were interested in aeronautics. 

He hoped, too. that it would encourage more of the aero- 
nautically minded to attend those of the Main Lectures which 
were to be held in London. 

Now it was his pleasant duty to introduce the lecturer. 


Mr. Sidney Allen was a Fellow of the Society and had had 
thirty years’ continuous experience in the design, research and 
development of all forms of internal combustion engines for 
aircraft. For twenty years he had been with Armstrong 
Siddeley Motors and over the past seven years he had been 
Chief Engineer of their Rocket Engine Division. 

He thought he would be right in saying that few people 
could have more experience in the United Kingdom of rocket 
engines and he had much pleasure in calling on Mr. Sidney 
Allen to give his paper. 


Introduction 


A considerable amount has been written about the 
history and applications of the rocket engine, and on 
special problems associated with it. Little has been 
published on actual experience in designing and 
developing a rocket engine for a given application 
within a given time interval. The author feels he can 
add little of value to the former, but can make some 
small contribution to the latter. This lecture therefore 
deals with the design and development problems 
encountered in producing the Armstrong Siddeley 
Screamer aircraft rocket engine. Some thoughts are 
added concerning how these problems would be affected 
by other applications. 


The Screamer Rocket Engine 

The specification to which the Screamer was to 
be produced was finally fixed in June 1952. It was to 
be an engine suitable for piloted aircraft use with the 
characteristics given in Fig. 1. a 

Apart from the time allowed, there were three main 
problems posed by the specification. 


(1) The wide thrust range required 


181 


(2) The design of a turbo-pump unit operating on 
the rocket propellants 

(3) Dealing with the starting problem and at the 
same time maintaining the standard of safety and 
reliability expected from the power plant of a piloted 
aircraft. 


Screamer Specification 


Thrust 8,000 Ib. variable continuously to 800 Ib. 
Oxidant — Liquid Oxygen. 
Fuel Aviation Gas Turbine Fuel. 


To be capable of being stopped and re-started in any 
attitude and at any altitude. 

Pilots’ controls to be kept to a minimum. 

Drives to be provided for two Dowty Super Vardel 
hydraulic pumps. 

The engine to be completely self-contained having 
its own prime mover for pumping the propellants. The 
prime mover to operate on the rocket propellants. 

The engine to have completed a Flight Clearance 
Test by mid-1956. 


Ficure 1. Screamer specification. 
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FiGURE 2. Combustion chamber pressures required to give 
constant expansion ratio. 


THRUST CONTROL 

Thrust control is of course carried out by varying 
the propellant flow to the combustion chamber. This 
has the secondary effect of reducing the combustion 
chamber pressure and thus the expansion ratio with a 
resulting reduction in specific impulse. In addition, if 
fixed orifice injectors are used the reduction in flow 
leads to a reduction in pressure drop across the injector, 
which may have a serious effect on combustion 
efficiency due to reduced rate of mixing of the propel- 
lants. Attempts had been made in the past to 


SPECIFIC HORSE POWER. 


PRESSURE RATIO. 


overcome this effect to some extent by the use of more 


than one combustion chamber, as for example in the | 


Walter Rocket and the Reaction Motors Rocket. The 
use of more than one combustion chamber reduces the 


losses in specific impulse by enabling the use of full , 


combustion chamber pressure on one chamber when 
the others are cut out. 
additional complication and gives a shape which is not 
very convenient to fair into a high speed aircraft, 
Smooth thrust control over a wide range is also difficult. 
If, for example, a large chamber of say, 80 per cent of 
the total thrust is used in conjunction with a “cruising” 
chamber of 20 per cent thrust it will be necessary to 
throttle both chambers together and then to open up 
the smaller one when the larger one is cut out. (It is 
of course not possible to throttle a rocket engine down 
to zero thrust: before this point is reached combustion 
becomes unstable due to low injection pressures.) 


It was expected that low thrusts would only be used 


at great altitudes; therefore the expansion ratio would 
be more than retained. Fig. 2 shows the combustion 
chamber pressure necessary to maintain a constant 
expansion ratio of 90:1 together with the thrust 
equivalent to that combustion chamber pressure. 

It seemed therefore that the main loss in specific 
impulse due to throttling, provided this throttling was 
done at great altitudes, would be due to combustion 
inefficiency. Now our colleagues on the gas turbine 
side obtain combustion efficiency figures well in excess 
of 90 per cent using air and kerosine at only a few 
lb./sq. in. pressure. It was thought that when using 
pure oxygen and kerosine and much higher pressures 
we should be able to approach this figure. It was 
decided therefore to attempt to cover the range of 
thrust from 8,000 to 800 Ib. using a single combustion 
chamber. 


TURBO-PUMP UNIT 

The most convenient working fluid for rocket 
turbines is decomposed hydrogen peroxide. 85 per 
cent hydrogen peroxide has the advantage of being 
easily decomposed into a mixture of approximatel) 
40 per cent oxygen and 60 per ceni 
steam with a resulting temperature 
of 625°C, a convenient temperatur 
for turbine work. Thus no special 
metering is required to control the 
temperature of the resulting ga‘ 
which also has a combination of 
molecular weight and ratio 
specific heat which gives 360 hp 
sec./Ib. at 40:1 expansion ratio 
assuming a turbine efficiency 0 
70 per cent. 


KEROSINE / LIQUID OXYGEN (KEROSINE RICH, 
7 ASSUMING EXCESS KEROSINE UNCRACKED). 


FiGuRE 3. Turbine specific h.p. agains 
pressure ratio for various propellants 
Specific h.p.=power generated by ! 
propellant consumption of 1 Ib./se 
Turbine efficiency=70 per cent. 
Inlet Temperature =600°C. 
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In spite of the obvious advantages of hydrogen 
peroxide it was considered that in the event of the 
Screamer becoming operational, the necessity of 
upplying three “ strategic” liquids would be a severe 


, disadvantage. It was, therefore, decided that the turbine 


would have to operate on the propellants provided. 
This meant that the working fluid would be mainly fuel 
or mainly oxygen at a temperature between 600 and 
700°C. Consideration was given to the specific horse- 
power available from each combination as obtained 


fom the expression 
| 


yRT 
500M (y—1) 
Figure 3 shows a comparison of oxygen rich and 
fuel rich mixtures with hydrogen peroxide and steam. 
If fuel is assumed to retain the same molecular weight 


. inthe gaseous phase as it has in the liquid phase, it is a 


poor working medium. However, it dissociates at the 
temperature used and will then have a molecular weight 
of approximately 20, which gives the higher value on 
the curve. Gas generators operating on oxygen rich and 
fuel rich mixtures both had their disadvantages. In 
the case of the oxygen rich mixture, any leakage of the 
working fluid into the gear box or body of the aircraft 
constituted explosion or fire hazards. In the case of 
the fuel rich mixture, leakage would cause a fire hazard. 
It was also likely that to the other development 
problems would be added the problem of carbon 
formation. It seemed therefore that the use of water, 
or rather steam, would cut down development time and 
allow us to produce an airworthy rocket engine at an 
earlier date. The gas generator for the turbine drive 
was therefore designed to have a small combustion zone 
operated on kerosine and liquid oxygen. The resulting 
gases, which were at a temperature of over 3,000°C, 
were then diluted with water to produce steam at 
650°C. The use of water was not considered a logistic 
disadvantage. The only stipulation made as to the 
quality of the water was that it should not contain solids 
with which a normal filter could not cope. 


STARTING 

It is well known that the most hazardous operation 
in running a rocket engine is starting it. This is because 
the very energetic propellants used in a high perform- 
ance rocket when mixed together form what is virtually 
ahigh explosive. Thus, if the propellants are not ignited 
immediately they enter the combustion space, an 
explosive charge is formed which may be detonated 
after delayed ignition. This has unfortunate results on 
the structure generally. 

The Screamer was to behave as a normal aero- 
engine, for use in a piloted aircraft. It was essential 
that all chance of accidental explosions should be 
removed, even if this led to considerable extra complica- 
tion. In order to do this, a system originally used on 
the Snarler rocket was adopted. The essentials of this 
are that ignition is first obtained in a small igniter tube, 
the flow of propellants to which is controlled to be 
within safe limits in the event of non-ignition; and that 
each operation in the starting sequence upon 


ROCKET ENGINES 


MAIN LO, TANK. MAIN FUEL TANK. 


FUEL 


BYPASS VALVE. 


STOP AND 


-LO2STOP AND 
ASS VALVE 
FUEL STOP AND 
BYPASS VALVE. 


FiGuURE 4. Diagrammatic 
arrangement of engine. 


COMBUSTION 
CHAMBER 


being satisfactorily completed, triggers the following 
operations. 

In the case of the Snarler the actual starting of the 
pumps was simple because the drive was supplied 
through a clutch from the main power plant. The 
Screamer having its own prime mover was provided 
with three small starting tanks. When pressurised these 
delivered propellants to the gas generator sufficient to 
accelerate the turbine to a speed at which the pumps 
would take over. The starting tanks were then 
refilled automatically in readiness for the next start. 


Design and Development 


Having decided how to attack the three main 
problems, design and development of the rocket engine, 
which is shown diagrammatically in Fig. 4, could now 
start. A brochure was prepared and a target taken to 
have the rocket flying and producing brochure figures 
by the end of 1956. 

One great advantage in rocket development is that 
each component part—combustion chamber, pump, 
turbine, valves, and so on, can be developed separately, 
and the equipment necessary is by no means as large 
and costly as that required to do a similar job on a gas 
turbine engine. The most costly item is the rocket test 
bed itself. Because of the energetic nature of rocket 
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FIGURE 5. No. 50 test house. 


propellants and of the likelihood of unforeseen incidents 
during the early part of the development, the walls of 
the test cell are made sufficiently strong to withstand the 
detonation of the maximum amount of propellants 
which could be within the test cell at any time. Where 
possible, oxidant and fuel tanks are outside the test cell 
and separate from each other. Instrumentation and 
control is situated in a block house close to the test cell 
but not actually joined to it physically. Viewing of tae 
rocket engine when running during its early development 
Stages is always by some indirect means, such as 
mirrors, periscopes or direct line television. At the start 
of Screamer development only one test cell was avail- 
able. This is shown on Fig. 5. Construction of a 
further test cell was undertaken, which was completed 
by May 1954. Provision was made for the testing of 
much larger rockets than the Screamer. This test cell 
is shown in Figs. 6 and 7. 

An auxiliary test building was also constructed. This 
followed the practice of the main test cells, but on 4 
smaller scale, and was intended for “ hazardous ” work 
where the amount of propellants present would be 
small, such as the development of gas generators, and 
the testing of pumps and turbines. 

The original design of Screamer is shown in Fig. 8. 
Briefly this consisted of a fuel cooled combustion 
chamber with helical coolant passages, a characteristic 
length of 60 in. and with the propellants injected by 
means of impinging jets drilled in the breach end of the 
chamber. 

The turbo-pump unit was provided with a gearbox, 
not because in this case there was any difficulty in 
matching the pump and turbine speeds, but because this 


FiGureE 6. No. 60 test house. 
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arrangement gave a more compact engine and easier 
pipe runs. Both the turbine and the pumps ran at 
20,000 r.p.m. The pumps were grouped on the forward 
side of the gearbox so that the suction pipes had g 
straight run from the main tanks. 


The engine was to be started by injecting propellants | 


into the gas generator from small pressurised tanks, 
change-over valves being provided to supply the gas 
generator from the pumps as soon as they had primed, 
As already stated, the component parts of a rocket 
engine lend themselves to individual development and 
before an attempt was made to run a complete engine, 
the various components were brought to a reasonable 
state of reliability. It will be of interest to describe 
this work in some detail, although it will not be possible 
to deal with the many hundreds of changes and 
modifications which were made. Rather, it is proposed 
to point out the major difficulties encountered and to 
indicate the line of attack and the final solution. 


COMBUSTION CHAMBER 

Apart from obtaining safe ignition, the main 
problems of rocket combustion chamber design are 
concerned with obtaining efficient combustion and, 
having obtained it, coping with its effect on the surface 
of the injector and on the combustion chamber and 
expansion nozzle walls. 

The combustion problem is mainly concerned 
with arranging for rapid and intimate mixing of 
the fuel and oxidant. When this has been achieved the 
time required for reaction is very short indeed, of the 
order of 10~* sec. Pre-mixing of the fuel and oxidant 
before entry to the chamber is certainly not practicable 
when liquid oxygen and kerosine are used, first because 
of the danger of explosions and secondly because there 
is no temperature at which both are liquid. It seems 
certain that the reaction between fuel and oxidant 
proceeds in the gaseous phase and therefore evaporation 
must take place before reaction can start. Thus the 
initial state to be achieved is the formation of a cloud 
of small droplets with the fuel and oxidant droplets 
intermingled. By this means rapid evaporation occurs 
and, having occurred, results in intimate mixing of the 
fuel and oxidant in the gaseous phase. 

A considerable amount of work has been done on 
the production of atomised fuel for gas turbines by 
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means of swirl type sprayers. Unfortunately this type 
of sprayer is not suitable for rocket use, mainly because 
efficient spray production is confined to fairly low flow 
numbers, the flow number being defined as 

Flow in galls./hr. 

(Press. diff. in p.s.i.)! 
The range of flow numbers normally used in gas turbine 
practice covers the range 0-5 - 10 and where the larger 
numbers are used for full throttle sea level conditions a 
sprayer having a smaller flow number is provided for 
part-throttle altitude conditions. 

Now the fuel flow at maximum thrust for the 
Screamer was about 4,000 gall./hr. With an injection 
pressure drop of 100 p.s.i. this gives a flow number of 
400. To reduce the flow number to a reasonable figure 
it would have been necessary to use at least 40 sprayers 
for the fuel. If the oxidant were also sprayed the 
number of sprayers would be increased to at least 100. 
It was not possible to provide space for this number 
of sprayers. 

The best compromise to provide breaking up of the 
fuel and oxidant and mingling of the droplets, appeared 
to be to provide a number of plain jets, drilled so that 
the fuel jet impinged on the oxygen jet. This gave a 
neat injector plate, which formed the closed end of the 
combustion chamber, but gave rise to some tedious 
drilling operations. 

The injector design not only affects the combustion 
efficiency and thus the specific impulse, but also 
has a marked effect on the cooling of the combustion 
chamber. What actually happens inside the combustion 
chamber can only be conjectured, for a full-scale rocket 
does not lend itself to the insertion of windows or 
probes of any kind, first because of the difficulty of 
cooling them and secondly, because of the effect of 
their presence on the cooling and combustion. 

However it is often possible to make a guess at what 
is happening from the condition of the chamber wall 
and injector face. Because of this the development of 
the injector and the combustion chamber must proceed 
together in the later stages, although it is possible to 
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Ficure 8. Original design of Screamer. 


obtain valuable information about the injector by 
running it in a chamber which is heavily cooled by 
some external means—usually a copious supply 
of water. 

The original thought was to base the design of the 
combustion chamber on the 4,000 Ib. oxygen / methanol 
chamber shown on Fig. 9. Because of the large range 
of thrust to be covered the injection pressure at full 
thrust had to be fairly high. Because of the high 
combustion temperature of the oxygen / kerosine 
mixture and the poor cooling qualities of kerosine, it 
was necessary to maintain a high coolant velocity with 
a correspondingly high pressure drop through the jacket, 
so that there was a fairly high buckling pressure. 
Calculations on the inner shell also indicated that, under 
the conditions obtaining, the thickness of the mild steel 
wall at the throat should not exceed 7c in. In order to 
have adequate resistance to buckling it was necessary 
to make use of the helical passage walls as stress 
carrying members and they were machined integral with 
the inner shell of the combustion chamber. Early 
experiments were limited in thrust up to 2,000 Ib., as 
neither the pumps nor the power available were suitable 
for higher thrust. Electrically-driven Snarler pumps 
were used. Continual trouble was experienced with 
erosion at the throat of the combustion chamber nozzle 


| 


FiGuRE 9. 4,000 Ib. methanol / oxygen chamber. 
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FiGuRE 10. Assembly of * Hoop * combustion chamber. [ 


during these tests and it was obvious that some form of 
film cooling would be necessary. The “scrolled ” 
type of inner shell was expensive and time-consuming to 
produce, and did not lend itself well to staged film 
cooling. Thought was given therefore to an alternative 
design which would be comparatively cheap to make 
and, at the same time, would lend itself to rapid 
modification. 

The first attempt was to construct what became 
known as the “hoop” combustion chamber. In this 
the inner portion was formed of a series of aluminium 
alloy rings drilled axially and dowelled together, the 
whole assembly being clamped endwise in an outer 
steel casing. This chamber is illustrated in Fig. 10. 
By this method the chamber could be manufactured by 
turning and drilling operations and the cost of replacing 
damaged portions, or portions requiring modification, 
was small. The use of aluminium alloy also eased the 
cooling problem, although this was counterbalanced by 
the lower cooling velocity consequent upon using axial 
flow cooling and drilled passages. 

It was realised at this time that one of the major 
development problems was the use of kerosine as a 
coolant. As it had already been decided to carry water 
for the turbine gas generator it was considered that the 
use of water as the combustion chamber jacket coolant 
would not be a major disadvantage and would shorten 
the time necessary to provide an airworthy rocket 
engine. If the water, after passing through the jacket, 
were injected into the combustion chamber the water 
also became a propellant. The water/kerosine/oxygen 
mixture it was proposed to use gave a_ theoretical 
specific impulse only a few points lower than that 
obtainable from the best mixture of oxygen and 
kerosine. 

It should be emphasised here that the use of water 
for the turbine and in the combustion chamber was 
never looked upon as more than an interim step to 
shorten development time. It was considered that it 
was essential to get the Screamer flying reliably at the 


~ 
— 


earliest possible date, and to incorporate improvements 
such as the non-use of water later. 

Calculations indicated that it should be possible to 
cool the Screamer with water forming 13 per cent of the 
total propellants. | Development work started with 
much more than this, the amount of water being 
gradually reduced as information was gained. 

About 8 hours running was done on the * hoop” 
chamber at thrusts up to 6,000 Ib. At this thrust level 
erosion and burning of the throat occurred. In attempts 
to overcome this the main weakness of the “ hoop” 
chamber was encountered. During running the hoops 
took a slight permanent set in compression and on the 
next run would be slightly loose; the cooling water 
escaped in considerable quantity between the hoops, 
thus completely upsetting the distribution of film cool- 
ing. It was found to be difficult to make allowance for 
expansion in this type of chamber. At this time 
promising results were being obtained with another 
type of combustion chamber and it was decided to 
abandon the hoop construction. 

The second type of combustion chamber was reall) 
inherited from Snarler days, when an experiment was 
made with a throatless chamber. The original Snarler 
throatless chamber was run on liquid oxygen and 
methanol/water mixture and was part of an experiment 
to find the effect of combustion chamber size on S|. 
The usual way of expressing the “size” of a combustion 
chamber of a given thrust is by the quotient of its 
volume and throat area. This is known as the character- 
istic length, and for a throatless chamber is in fact the 
length from the face of the injector to the start of the 
divergent portion of the expansion nozzle. To our 
surprise a reasonably good S.I. was obtained with the 
Snarler throatless chamber, but it suffered from a form 
of unstable combustion known as “ screeching.” It was 
decided to try a throatless chamber of the Screamer size. 
partly because it eased the stressing problems at the 
inner wall, partly because it would be small in bulk and 
weight, and partly because it would be a comparativel} 
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chamber. 


simple chamber to make in its experimental form, when 
the expansion nozzle could be omitted. The experi- 
mental form was merely a double walled tube of slightly 
larger bore than the throat of the conventional throated 
The early work was done on such a 
chamber. later an uncooled and then a cooled nozzle 
being added. The uncooled nozzle, of course, had a 
limited life even when made of Nimonic. 

The first stages of development showed that the 
design of a solid injector having numerous impinging 
iets drilled in it was a long and tedious machining job, 
unless special tooling was provided. Apart from the 
delay involved in producing such tooling, it was obvious 
that many changes in injector pattern would be made 
before the design was “frozen.” Some other means 
was sought therefore of producing the injector. The 
main difficulty with the original design was that it was 
quite possible to scrap an injector nearing completion 
by the breakage of a drill in a hole. Although there 
are ways of removing broken drills, their removal 
invariably results in a ragged hole. A design using 
inserted rings, copper-brazed in position, was _ finally 


gave good results, provided that the point of impinge- 
ment was not more than about 0-2 in. from the injector 
face. If this distance were increased, erosion of the 
face occurred. It was difficult to produce an “ unlike ” 
impinging injector on the inserted ring principle and at 
the same time to keep within the above limit. The 
* like-on-like ” illustrated gave figures comparable to 
the “ unlike ” and was adopted. 

The result that “like-on-like” impingement gave 
as high an S.I. as “ unlike ” impingement was surprising, 
as one might expect more rapid mixing from the latter. 
It is possible that this result was due to the very low 
temperature of the liquid oxygen. which may have an 
adverse effect on the breaking up of the fuel by increas- 
ing its viscosity; also, this low temperature might have 
a chilling effect on the early stages of combustion which 
may not be so marked when the fringes of the two sets 
of jets burn first and are then able to supply heat to the 
remainder of the charge. Thus this effect may not be 
found when other propellant combinations are used. 

In developing the coolant system to reduce the water 
flow it was found that while on some tests the chamber 


nents chosen. These rings were fairly easy to produce and would run for several minutes at full thrust conditions 
the cost of scrapping one was small. without damage, on other tests the chamber would 

le to The early running on the throatless chamber was burn through within a few seconds of starting. As 

f the done with an amount of cooling water considerably in water pressure in the jacket triggered the admission of 

with excess of the brochure figure. Having run the chamber oxygen and fuel it did not seem possible that shortage of 

deing up to the equivalent of 8,000 Ib. thrust with excess water was the explanation. After considerable investiga- 
water flow, the development work was then directed to tion it was found that the presence of air bubbles in 

op” reducing the water flow to the brochure figure of the water was the cause of the trouble: this was almost 

level 13 per cent. At the same time a series of tests was certainly aggravated by the use of a helical coolant 

mpts made using different combinations of injection holes. passage, in which one would expect the air bubbles to 

op” Briefly, the types of injection holes consisted of “ like- scrub the inner wall due to centrifugal effect. The 

oops on-like” impinging, “ unlike” impinging and shower- water system used on the test stand was considerably 

1 the head; the first two are self explanatory, the third means longer and more tortuous than would be expected on an 

vater that the jets were parallel to each other and to the aircraft. The trouble was overcome by careful bleeding 

ops, axis of the chamber. of the water system before a start and by using axial 

cool- Various combinations of these were tried and the coolant passages in the chamber. 

efor type finally adopted, as giving the best S.I. over the The latter change led to a difficulty. In order to 

time thrust range. was the “like-on-like ” impinging type. maintain a reasonable coolant velocity of about 

ther The difference between this and the other combinations 30 ft./sec. the annular gap around the chamber became 

d to tested was small but appreciable, and is shown in very small. This meant that a small distortion of the 
Figs. 11 and 12. inner shell could reduce the gap to practically nothing, 

eal) Previous tests had shown that “unlike” impingement with the usual disastrous results. It was decided 
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FiGurE 13. Practicaland theoretical variation of S.I. against thrust. 


to machine the inner shell from the solid, somewhat 
after the fashion of a splined shaft, the splines acting 
as distance pieces to control the width of the coolant 
passage to a minimum distance. 

During the course of the development of the injector 
plate, film cooling was added at various stages along the 
inner shell, the depth of the coolant passage being 
reduced after each stage in order to maintain the 
coolant velocity. Water entered the coolant jacket of 
the expansion nozzle at the aft end, flowed axially up 
it between laced guide wires, and then passed by 
external pipes to the forward end of the combustion 
chamber. It was then injected through the chamber 
walls in stages as film cooling, the coolant passage 
ending with the last stage just upstream of the beginning 
of the expansion nozzle. This became known as the 
“river in the desert ” form of cooling. 

Little work was done to improve the S.I. at the 
lower thrust levels. The variation in S.I. with thrust 
for sea level conditions is shown in Fig. 13, compared 
with the theoretical values obtainable. Combustion 
became a little more rough at thrusts below 2,000 Ib. 
but not dangerously so, and no instance of screeching 
was encountered at any thrust level. It was found 
necessary to use a higher proportion of water at the 
lower thrust. No attempt was made to overcome this. 

Following Snarler practice, ignition was first 
obtained in a small pilot chamber. A time switch cut 
the igniter if ignition had not been obtained within two 
seconds, and the igniter was so proportioned that the 
propellant flow to it would not give a dangerous 
accumulation of propellants within this time in the event 
of non-ignition. Ignition was signalled by the pressure 
rise in the igniter consequent upon combustion: this 
pressure prevented the time switch from opening, thus 
stopping the sequence of starting operations. A similar 
system was fitted to the gas generator. 

The igniter was a miniature throatless chamber and 
the main design problem was to accommodate two 
sparking plugs, fuel jets, an oxidant jet, a water jet and 
a pressure tapping in the very small head piece. Fig. 14 
shows how this was done. The sparking plug electrodes 
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were drilled to provide fuel jets which, in addition to 
making an economy in space, also provided cooling for 
the electrodes. 

It was found necessary to make sure that all the 


inner faces were well cooled, especially the end portion : 


facing the main combustion space. To provide an 
adequate flow of cooling water the coolant, after pass. 
ing through the igniter jacket, was piped back to the 
tank. It was also most important to avoid sharp 
corners on the inner face of the head piece, otherwise 
erosion occurred. 

Some trouble with carbon formation arose. This 
was probably due to the high surface/volume ratio of 
the system. The main difficulty arising from carbon 
formation was the choking of the pressure tapping hole, 
Carbon formation was reduced by running the igniter 
oxygen rich. Choking of the pressure tapping hole was 
overcome by allowing a small amount of water to trickle 
through it while the igniter was running. 

It was found both more convenient and safer to 
allow the igniter to operate during the whole time of 
operation of the rocket. After ignition had been 
obtained the sparking plugs were switched off to avoid 
erosion of the electrodes. 

The type of ignition originally considered was of the 
high energy type but, because of the rather slow rate of 
sparking available, the high frequency type was chosen. 
Later development produced a much higher rate of 
sparking from the high energy system and, had 
Screamer development continued, it is likely that we 
should have adopted it. 

The spark generators were twin systems housed ina 
single casing, and served both the gas generator and the 
combustion chamber igniters. Change-over to the com- 
bustion chamber from the gas generator was automatic, 
being triggered by pressure rise in the gas generator. 


GAS 

The gas generator was a small combustion chamber 
into the exhaust from which water was injected to dilute 
the combustion gases so that the temperature of the 
resulting mixture was about 920°K. 
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FiGurE 14, Cut away view of igniter. 
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FiGuRE 15. 


Gas generator traversing thermocouple. 


This component was developed on a rig before 
fitting it to an engine. A special device was developed 
to enable a temperature traverse of the outlet to be 
made by remote control. In this the thermo-couple 
carrier was motorised to move in both the vertical and 
horizontal. Motion was controlled by a “ joystick,” 
movement of which in the horizontal plane gave 
horizontal traverse, plus or minus according to the 
direction moved, and similarly for the vertical direction. 
The position of the thermo-couple was shown by a spot 
on a cathode ray tube. This apparatus is shown in 
Fig. 15. 

The original gas generator gave a very poor 
temperature distribution and threw out quite an 
amount of carbon. In fact, attempts to measure the 
carbon content of the exhaust by the apparatus 
normally used for gas turbine work resulted in the 
complete choking of the apparatus. 

Many variations of water injection methods and 
combustion zone layout were tried with no success. It 
finally became apparent that we had made the gas 
generator much too small and that the water was being 
injected before combustion was complete and thus 
“chilling” the flame. or else was being entrained by 
recirculation into the combustion zone with the same 
result. The original combustion zone had equivalent 
characteristic length of only 18 in. A new gas generator 
was designed having an equivalent characteristic length 
of 160 in. and a great improvement was found. Two 
types of water injector were developed for this. The 
first was a “ mushroom ™ situated in the gas stream and 
spraying water radially into it with an upstream inclina- 
tion, the latter to protect the mushroom itself from 
over-heating. The second type injected the water 
radially inwards from the wall. Although the “ mush- 
room” type gave a _ rather better temperature 
distribution, probably due to turbulence generated 
behind the “ mushroom ”, and ran entirely satisfactorily 
for several hours, the wall injection type was looked 
upon as the “ preferred” design as it had no parts 
actually in the gas stream. It was felt that the chance 
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of burn-out of the mushroom in the event of a hot start 
or hot shut down existed and was best avoided. It 
should perhaps be mentioned here that the temporary 
overheating which metal will survive in an ordinary 
atmosphere, in the dense and highly oxidising 
atmosphere within a rocket combustion space can lead 
to the metal itself burning, resulting in the disinte- 
gration of the component within one or two seconds. 

The final design of gas generator is shown in Fig. 16. 
The combustion system was different from that of the 
main chamber. Because more space was available 
and the fuel flow was low it was possible to use conven- 
tional swirl type sprayers for the fuel. Three of these 
were inserted through the water jacket at the upstream 
end of the combustion zone. The liquid oxygen was 
admitted with a swirling motion around a cup into 
which the igniter was fixed. Thus the igniter flame 
vaporised and heated the oxygen before the fuel was 
injected into it. A pipe connected the gas generator to 
the turbine nozzles. 


TURBINE AND GEARBOX 

The original turbine was a scaled-up version of a 
turbine designed and developed by Dr. U. Barske at 
R.A.E./R.P.D. Westcott. This design was chosen for 
its simplicity. The original Screamer turbine disc was 
8} in. diameter and was to develop 300 h.p. The first 
example of the scaled-up Barske turbine disc as shown 
in Fig. 17 did not look right and it was perhaps not 
surprising that it was inefficient. This is no reflection 
on the original design; our method of scaling was 
wrong. The efficiency obtained was only 38 per cent 
and thus insufficient power was available to drive the 
pumps. The first attempt to improve the efficiency 
was to machine out the bucket from a W to a U section 
and to move the disc over so that the jets from the 
nozzles impinged on the edge instead of the centre. 
This had no appreciable effect on the efficiency. 

With the total admission nozzles which had been 
used, it was difficult to increase appreciably the mass 
flow through the turbine and thus obtain more power, a 
solution we would have been prepared to accept at this 
Stage as turbine efficiency, although important, is not of 
major importance. 

From the expansion ratio and blading efficiency 
used the expected efficiency was 50 per cent. The 
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FIGURE 16. Cut-away view of gas generator. 
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FiGURE 17. Segments of turbine rotors. 


main reason for obtaining a much lower efficiency was 
thought to be the small number of buckets used. 
Accordingly a new design of disc was made in which the 
buckets were made much shallower and the number of 
buckets increased from 13 to 33. This gave very 
disappointing results; this was attributed to the steam 
spilling radially out of the bucket. Accordingly a 
“roof” was fitted to the buckets by welding on pieces 
of thin sheet. These lasted long enough to show that 
an appreciable improvement had been obtained. A new 
disc was then made with the “ roof” machined integral 
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Bladed turbine. 


FiGurReE 18. 


with the bucket. This gave an efficiency of 50 per cent 
at which value the power obtainable was marginal, but 
was enough to allow development of the rocket engine 
as a whole to proceed. This design of turbine was 
labelled the Riedler-Stumpf turbine because of its close 
resemblance to a design of that name made many 
years ago. 

As stated, little could be done to increase the power 
of the Riedler-Stumpf turbine so a design of a conven- 
tional bladed turbine was put in hand, the object being 
to increase both the efficiency and the power available. 
A mean blade speed of 1,100 ft./sec. was chosen, and in 
order to obtain this without redesigning either the 
pumps or gearbox, the disc diameter was increased 
from 84 in. to 10-7 in., the blades being 1:6 in. high. 
Side admission was chosen, three detachable nozzles 
being used. This design obviously would have an 
adequate reserve of power as there was sufficient room 
to add a further three nozzles, thus doubling the power 
if necessary. 

On test this design of turbine was found to have 
adequate power and an efficiency of 60 per cent. It 
was found also that it was an easier machining job than 
the final design of Riedler-Stumpf disc, due to the wide 
experience existing of producing this type of disc for 
gas turbines. 

The only development trouble which occurred was 
cracking of the Nimonic 75 blades due to fatigue. A 
fundamental frequency of blade vibration was found 
which approximated to the exciting frequency genera- 
ted by the three nozzles. Reducing the number of 
nozzles from three to one and changing the blade 
material to Nimonic 80A effected a marked improve- 
ment, although we were not able to complete sufficient 
running to find the full extent of this improvement. The 
final design of turbine was as shown in Fig. 18. 

The gearbox on which the turbine was mounted and 
through which it drove the three propellant pumps was 
of orthodox design and gave no trouble. In addition 
to the pumps, drives were provided for an oil pump, 
governor, tachometer, and overspeed trip and for two 
Dowty Super Vardel hydraulic pumps, the latter being 
provided to cater for possible aircraft requirements. 

The lubricating oil pump had pressure and 
scavenge stages, the scavenge pump delivering to an 
oil tank. A fuel-cooled oil cooler was fitted because 
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Ficurt 19. Perspex pump cavitating. 


the oil temperature otherwise rose steadily during 
running, at a rate of nearly 30°C per minute. 


PUMPS 

The three propellant pumps were of similar design, 
being open impeller pumps with booster screws, based 
on Snarler practice. The fuel and water pumps gave 
no trouble, but some difficulty was experienced with 
the liquid oxygen pump. 

The first of these troubles was that the original 
design of pump suffered occasional explosions in the 
region of the diffuser. On the basis of experience 
obtained on the Snarler both the impeller and pump 
casing were of stainless steel, as it had been found that 
aluminium would ignite if a slight foul occurred in the 
presence of liquid oxygen. It was thought that there 
was no chance of a foul on the diffuser casing, so this 
was made of light alloy. Examination of the diffuser 
casing after running showed what was apparently 
cavitation erosion of the leading edge of the cutwater 
at the start of the tapered portion of the diffuser. It 
was subsequently shown by tests on a Perspex pump 
that cavitation did in fact occur each time an impeller 
blade passed this point. This is shown in Fig. 19. 

It appeared that the high pressures and presumably 
high temperatures obtaining under cavitation condi- 
tions, coupled with the newly formed aluminium 
surface, led to actual combustion of the aluminium and 
thus led to an explosion. The result of such an 
explosion is shown in Fig. 20. 

Several shapes of diffuser entry were tried to over- 
come the cavitation, but none was entirely successful. 
Eventually the diffuser casing was made of stainless 
steel and, although slight evidence of cavitation erosioa 
was still in evidence, no serious attack occurred. 

The second trouble was that although the oxygen 
pump was found to give its expected hydraulic perform- 
ance, it suffered from surging when run on the engine. 
The only thing that appeared to be a possible cause 
was incorrect design of the booster screw. Several 
designs of this screw were tested, a three start version 
being found successful. 


FIGURE 20. Result of explosion in diffuser casing. 


A feature of the liquid oxygen pump which may be 
of interest 1s the method by which lubricating oil and 
oxygen were prevented from mixing. The Snarler 
pump had the bearing nearest the impeller running dry, 
and although this gave a life which was adequate for 
the Snarler, the life was limited. It was decided to 
lubricate both bearings of the Screamer liquid oxygen 
pump. Some certain means of preventing mixing of 
the oxygen and oil had to be provided. At the same 
time a certain amount of heat insulation was necessary 
to prevent the lubricating oil freezing while the oxygen 
system was being cooled. The assembly of the liquid 
oxygen pump is shown in Fig. 21. It will be seen that 
two roller and one ball bearings are carried in an inner 
sleeve supported from the gearbox housing. The bear- 
ings were lubricated by oil mist from the gearbox; an 
outer sleeve terminating in an oil seal served as a return 
passage for surplus oil. It was eventually found that 
the oil seal rapidly became torn due to freezing on the 
shaft. In spite of this no oil leakage occurred and the 
oil seal was omitted from later pumps. The liquid 
oxygen seal was an optically flat stainless steel ring 
mounted on a bellows and spring-loaded on to a 
sintered bronze ring impregnated with Fluon. Should 
this seal leak, the leakage was piped away by an ample 
drain passage, the oxygen being denied access to the 
oil by a rotating cylinder carrying two slinger rings; this 
cylinder surrounded the two inner sleeves which carried 
the bearings. 

To reduce the conduction of heat away from the 
bearing housings, the pump casing was carried on a 
Durestos ring bolted alternately to the casing and the 
bearing housing, thus avoiding metallic contact between 
the pump casing and the outer part of the bearing 
housing. 

In order to cool the liquid oxygen system and to 
ensure instantaneous priming of the pump, the suction 
valve was opened while the tank was being filled. This 
allowed liquid oxygen to flow through the suction and 
pressure pipes and so through the by-pass valves, the 
resulting evaporated oxygen being piped back to the 
tank to escape through the vent valve. It was found 
that in spite of this precaution, there was a tendency 
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for vapour to be trapped in the pump, resulting in 
uncertain priming. A simple pump bleed was fitted 
which was open when the pump was stationary, but 
which was closed by the pressure generated when the 
pump was primed. This is also illustrated in 
Fig. 21. 


VALVES 

Four main types of valve were used on the Screamer; 
suction valves, stop and by-pass valves, pressure-opera- 
ted air valves, and control valves. The latter are best 
dealt with under the heading of the control system. 

The remainder were generally of the same design for 
any given function, but varied in size according to the 
application. The suction valves were used to isolate 
the rocket engine from the main propellant tanks and 
the liquid oxygen valve is typical, as shown in Fig. 22. 
The valve is operated by gas pressure which acts on a 
stack of bronze bellows. In order to keep the size of 
the valve to a minimum and at the same time to give a 
small resistance to flow, the head of the valve had the 
rather long travel of 0°95 in. For this reason a long 


FiGuRE 21. LO, pump. 


stack of bellows had to be used. Some 
trouble was encountered due to tilting of the 
bellows, with permanent set occurring on one 
side. This was overcome by fitting supports 
between each set, these supports being 
slidably located on the central valve spindle. 

The suction valve was made suitable for 
fitting directly on to the side of the tank, 
bellows were chosen as the sealing means 
because they give a positive seal. While 
some leakage might be tolerated from valves 
which only operate during the running time 
of the motor, the suction valve must seal the 
tank during long periods of stand-by. 

The main stop valves incorporated by a 
by-pass valve, the latter having the object of 
allowing the pumps to prime through an open 
pipe and, in the case of the liquid oxygen 
system, allowed the pipe lines and valves to be cooled 
before starting. 

Again the liquid oxygen stop valve is typical. The 
original design is as shown in Fig. 23. Here the valve 
head is operated by gas pressure acting on a piston. 
The by-pass valve is carried on the stem of the stop 
valve, passages being provided by flutes. By “masking” 
the by-pass valve a certain amount of cushioning is 
achieved during opening of the stop valve. It will be 
seen that as the stop valve opens, the by-pass 
valve closes. 

It was necessary to apply a large force to the valve 
head to move it against a large pressure difference; 
when the valve opened the pressure difference disap- 
peared and the force caused the valve to accelerate so 
rapidly that stress waves were set up in the bellows, 
causing rupture. In any case the movement required 
was near the maximum which could be expected from 
a bellows of this length. In addition to accommodating 
the by-pass valve and the stop valve on the same stem 
it was necessary for the valve to close in the direction 
of flow, so that the head was forced on to the seat with 
considerable force, leading 
to distortion of the seat. For 
these reasons a_ different 
type of valve was de- 
veloped, as shown in Fig. 
24. In this a small bellows- 
sealed servo valve is used to 
control the pressure behind 
the main operating piston. 
When the pump primes. 
fluid is delivered against a 
comparatively small back 
pressure through by- 
pass. Both sides of the 


FiGurE 22. LO, suction valve. 
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FIGURE 23. (right). 


First LO, 
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stop and bypass valve. 


FIGURE 24. 
LO. 


Improved 
stop bypass 
valve. 


operating piston are subjected to this pressure so that 
the valve is held on its seat by the force of a * fail safe ” 
spring and by a force given by the product of the 
pressure and the area of the valve head. When the 
servo valve is operated the supply of pressure to 
the back of the operating piston is cut off and the cavity 
vented; the force on the piston then becomes greater 
than the force on the valve head, and the valve opens. 
It was found that this gave smooth operation and a 
leak-proof valve. 

The small valves used to control the flow of 
propellants to the igniter and gas generator were of 
similar design to that of the pilot portion of the valve 
illustrated in Fig. 24. 

The opening of the various valves was in general 
signalled by build up of pressure in various parts of the 
tocket engine. To control the gas pressure necessary 
to open the various valves, a design of pressure- 
Operated gas valve was developed, as shown in Fig. 25. 
The signal pressure moves the piston against the spring 
until the cone forming the back of the piston registers 
on a seat giving a positive seal. This moves the necked 
portion of the spindle in line with a lip seal, thus 
providing a passage from the pressurised gas storage to 
the operating cylinder of the valve to be used; the same 
movement brings the larger diameter of the spindle into 
line with another lip seal, thus closing the vent passage. 

Apart from the problems mentioned, the main work 
on valves was concerned with providing seating and 
sealing materials compatible with the three propellants, 
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Prototypes of each valve were 
10,000 operations before being fitted to 


CONTROL SYSTEM 

Under this heading it is proposed to discuss fairly 
briefly those operations concerned with the starting and 
thrust control of the engine. 

The initial acceleration of the turbine up to operat- 
ing speed was achieved by feeding the gas generator 
with liquid oxygen, fuel and water, from small 
pressurised tanks. Because it was considered necessary 
to provide for an indefinite number of starts during one 
sortie the tanks were designed to vent and refill 
automatically after each start. Starts were also required 
to be made in any attitude, so that the means of 
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FIGURE 25. Pressure-operated air valve. 


\ SH 
\A | 
orts 
“ing : Ssss = th 
dle, 
for 
ink, 
ie \ 
6) 
C2 
| 


194 VOL. 61 


WATER STARTING 


FIGURE 26. Liquid oxygen, water and fuel starting tanks. 


expulsion from the starting tanks had also to meet this 
condition. The most simple solution was to use 
expulsion bags in the tanks. This was done for the 
water and fuel, but was not possible for the liquid 
oxygen tank as there is no material which is impervious 
to liquid oxygen and at the same time retains at the 
temperature of liquid oxygen the flexibility necessary 
for an expulsion bag. The solution in this case was to 
use a long narrow cylinder fitted with a piston and 
Duaflex pistons rings. 

Each tank was fitted with a pressurising and vent 
valve, and a filling valve. On starting the engine, the 
filling and vent valves were closed and the pressurising 
valve opened. When the pumps had primed, the 
pressurising and stop valves were closed, the vent and 
filling valves were opened and the tank was refilled in 
readiness for the next start. The starting tanks were 
filled via the pump suction, sufficient head being avail- 
able in the main tanks to do this. A little difficulty was 
experienced with the expulsion bags due to abrasion 
of the rubber bag by the surface of the tank, but this 
was overcome by giving a high polish to the inner wall 
of the tank. The three starting tanks are illustrated in 
Fig. 26. 

It was essential that the propellants were fed to the 
main combustion chamber and to the gas generator in 
the correct proportions, from cooling considerations 
and also to ensure that all three storage tanks were 


exhausted together. Slight variations between the 
injectors, fuel systems and pump performances of 
different engines made this condition difficult to meet. 
A pressure balance valve was therefore developed which 
matched the water and kerosine pressures to the liquid 
oxygen pressure. Having achieved this, it was possible 
to flow check the fuel system downstream of the 
balance valve and to adjust the respective flows by 
means of ballast orifices. 

The pressure balance valve, which is illustrated In 
Fig. 27, consisted of two diaphragms each carrying a 
ported piston. Oxygen pressure acted on one side of 
the first diaphragm and water pressure on the other. 
Excess or deficiency of water pressure over oxygen 
pressure caused the ported piston to slide in its barrel 
and thus to adjust the water pressure to the oxygen 
pressure by altering the area of, and thus the pressure 
drop through, the ports. The fuel pressure was 
adjusted to the water pressure in the same manner. 

The gas generator pressure balance was much 
smaller, but was of similar design. 

Thrust variation was obtained by variation of the 
turbine speed by means of controlling the flow of 
propellants to the gas generator. The liquid oxygen 
flow to the gas generator was controlled by the pilot's 
throttle valve illustrated on Fig. 28. This was 
essentially a variable datum reducing valve, the datum 
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being altered by compressing the spring by means of a 
jack operated by the pilot’s throttle lever. 

Starting of the rocket engine was achieved by 
moving the throttle lever from the “stop” position to 
any position between minimum and maximum thrust. 
The rocket would then start and run up to the thrust 
indicated by the throttle position. 

As a safety measure, an overspeed trip was fitted. 
This was a centrifugal design, the movement of the bob 
weight beyond a certain position operating a micro- 
switch which in turn closed the solenoid valves control- 
ling the pressurised gas supply to all valves and thus 
stopped the engine. Re-setting was effected by switch- 
ing off the engine. In an emergency a further attempt 
to start was permissible. 

The operations in starting the engine were then as 
follows. Moving the throttle to the starting position 
opens the suction valves, pressurises the starting tanks, 
and switches on the sparking plugs in the gas generator 
igniter. The water from the starting tank is led 
directly to the gas generator. Water pressure at the 
gas generator operates the igniter fuel and oxygen 
valves and ignition takes place. (Should it not do so 
within two seconds the whole starting operation is 
cancelled by a time switch). Pressure build up in the 
igniter body due to combustion operates the gas 
generator main fuel and oxygen stop valves; water is 
already flowing from the starting tank. The same 
pressure cuts out the two second timing circuit and 
transfers the spark generator circuit to the combustion 
chamber igniter. 

Steam from the gas generator sets the turbines in 
motion, and the pumps prime and deliver propellants 
back to the tanks via the by-pass valves. The water 
pressure operates the main chamber igniter stop valves, 
the two second timing circuit again being operative, and 
the resulting pressure opens the main water stop valve. 


FIGURE 28. 


Liquid oxygen throttle 
valve. 
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The resulting pressure downstream of the water stop 
valve opens the main oxygen valve and the resulting 
pressure downstream of this opens the main fuel stop 
valve. Combustion then takes place in the main 
chamber and the resulting pressure vents the starting 
tanks (which re-fill) and cuts off the ignition circuit. 

The engine becomes self sustaining by feeding the 
gas generator with propellants from the pumps. Both 
the pumps and the starting tanks feed the gas generator 
through non-return valves, so that the gas generator is 
fed from the pump when the starting tank pressure falls 
below the pump pressure either due to venting or to 
exhaustion. 

The whole sequence described is complete within 
three seconds. 

The final assembly of the engine with all the 
necessary devices is illustrated on Fig. 29: it had an 
overall length of 764 in., a maximum diameter of 27 in., 
and a dry weight of 470 Ib. 


History of Development 


Before the specification for the Screamer was 
“frozen” a certain amount of experimental work had 
been done on various components for an engine of 
lower thrust. The development of the Screamer proper 
however really dated from the time the specification 
was written. 

The progress made in the development of an engine 
is reflected by the amount of running done and Fig. 30 
shows the chart of running time between 1952 and 
November 1955 when work on the Screamer ceased. 

Much of the development of the components 
described above was done partly on test rigs and partly 
on the engine. Running on the engine was of course 
the final test of all components and often showed up 
unexpected troubles. It was found for example that 
explosions would occur in most unlikely places on 
Starting. This was traced to small quantities of fuel 
left in pipes and manifolds after the previous run finding 
their way into oxygen passages. This trouble was 
overcome by purging the oxygen and fuel lines with gas 


Figure 27. Pressure balance valve. 
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FIGURE 29. 


(either nitrogen or air) both before starting and after 
shutting down. This was done automatically by venting 
the gas-operated cylinders of the various valves through 
the propellant lines. 

Because there was no experience of running this 
type of rocket engine in an aircraft, we decided to get 
the Screamer in the air at the earliest possible moment. 
To do this it would be necessary for the engine to pass 
a Flight Clearance Test laid down by the Ministry of 
Supply. In order to be able to fly at a comparatively 
early date it was decided to aim at the modest figure of 
4,000 Ib. thrust for the first flights. 

The only flying test bed available to us was a Meteor 
Mk.8. In spite of the best efforts of our installation 
department it was necessary to re-shape the Screamer 
somewhat, in order to fit it into this aircraft. Accord- 
ingly a special engine assembly was produced as 
illustrated on Fig. 31 and this eventually passed its 
Flight Clearance Test at the first attempt on 
7th December 1955. This clearance test consisted of 
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Complete engine. 


62 runs making a total of 94 minutes running and 
included such tricks as stopping the engine by running 
out of each propellant in turn, and attempting to start 
with no ignition, rapidly followed by a normal start. 
While the “Meteor ” engine was being prepared for, 
and was carrying out, its Flight Clearance Test, 
development work had continued on another test bed 
and at the time Screamer development ceased in 
December 1955 over three hours running had been done 
at thrusts of 8,000 Ib. and over. The highest thrust 
obtained was 8,900 Ib. Some progress had also been 
made towards running the Screamer without water. 


Aircraft Installation 

The Meteor aircraft was modified for use as a flying 
test bed, and a short description of this work may be of 
interest. As already stated some difficulty was experi- 
enced in getting the Screamer into the aircraft. The 
rocket engine had to be re-shaped to avoid burning off 


FIGURE 31. Meteor version of Screamer engine. 
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FIGURE 30. 


the tail of the aircraft, while at the same time the 
necessary ground clearance had to be maintained. 

The liquid oxygen tank was carried in the ventral 
position and was made to be jettisoned, in event of a 
“wheels up” landing. 

The general view of the aircraft was as shown on 
Fig. 32. It will be seen that there was little change to 
the upper part of the aeroplane; Fig. 33 shows a view 
from the rear and illustrates how the rocket combustion 
chamber is faired in behind the liquid oxygen tank. 
The extended tail bumper and the stainless steel heat 
shields protecting the rear fuselage can also be seen. 
Fig. 34 shows another rear view giving the general shape 
of the rocket pod. The lateral coverage provided by 
the heat shields is shown, as is the air gap between the 
shield and the rear fuselage. Fig. 35 shows the installa- 
tion of the water and fuel tanks. The water tank is at 
the forward end and the rocket fuel tank immediately 
aft of it; the remainder is divided longitudinally to 
provide the two main tanks for the Derwent engines. 

The liquid oxygen tank is shown with the fairing 
temoved on Fig. 36. The tank is supported at its rear 
end by a pivoted structure and at the mid-point by a 
central bolt which engages in the release mechanism 
used for the standard ventral tank. The tank is of 
“double bubble ” construction with a longitudinal web 
at the intersection of the “bubbles” and transverse 
baffles at approximately 12 in. pitch. The tank was to 


Running time graph. 


be filled from a standard British Oxygen Co. tanker. 
To prevent boiling of the liquid oxygen in the pipes 
between the tank and the main pump, a booster pump 
was developed which is illustrated in Fig. 37. This ran 
at 4,000 r.p.m. and absorbed 2 h.p. giving a pressure 
rise of 9 p.s.i. Negative g conditions were met by the 
provision of a recuperator which is shown in Fig. 38. 
Essentially this consists of a pair of differential pistons 
and cylinders. The small diameter operating cylinder 
was originally intended to be fed with either high 
pressure air or nitrogen; it was found however that with 
the recuperator immersed in liquid oxygen condensation 
of the gas occurred, making heavy demands upon the 
gas storage capacity. The solution was found in taking 
liquid oxygen from the main pump and passing it 
through a reducing valve so that a constant pressure 
was applied to the operating cylinder. The resulting 
pressure in the recuperator was slightly less than that 
produced by the booster pump so that under negative 
g conditions, when the pressure from the booster pump 
started to fall the recuperator piston would move 
forward and maintain the pressure. Fig. 39 shows the 
oxygen tank with twin recuperators and the booster 
pump fitted, mounted on the handling trolley. 

Figure 40 shows the engine ready for installation in 
the aircraft and mounted on its handling trolley. Fig. 41 
shows the mock-up engine, with the cowling removed, 
installed in the aircraft. 
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| 1] Ficures 32, 33 and 34. (Top left) general view of Meteor with Screamer rocket in position, 
| (below) three-quarter rear view and (right) rear view. 


FiGURE 35. Fuel 
and water tanks in 
Meteor. 


FicuRE 36. LO, 
tank with fairing 
removed. 


FIGURE 38. Recuperator. 
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FIGURE 37. LO, booster 
pump. 


Figure 39 (below). LO, 
tank on handling trolley. 
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Unfortunately this flying test bed was never used 
because Screamer development was concluded on 
completion of the Screamer Flight Clearance Test, due 
to a decision that there was no application for a liquid 
oxygen rocket engine for use in a piloted aircraft. 


Factors Influencing the Design of a Rocket 
Engine 

It will have been noted during this discussion that 
the design of the Screamer has been influenced consider- 
ably by the intention to make it suitable for aircraft 
propulsion. It had to be made completely reliable so 
that a pilot could start it or alter the thrust at will 
without having to bear in mind any restrictions as to its 
use; this necessitated a completely automatic and fool- 
proof control system which also protected him against 
accidental malfunctioning of any part of the engine, 
often by incorporating alternative protective devices. 
(In this respect it should be remembered that failure of 
the engine to respond to the controls could, in certain 
conditions, be almost as dangerous as damage to the 
engine; engine failures at extremely high altitudes, for 
instance, could cause an aircraft to go completely out of 
control.) The absence of a predetermined flight plan 
made it necessary to consider every possible combina- 
tion of flying conditions and attitudes. Starting by 
means of ground equipment was precluded by the 
necessity of restarting in the air. Variation in thrust 
necessitated close control of mixture ratio and turbine 
speed. Enclosure of assemblies by welding or spinning 
over was incompatible with the requirements of servic- 
ing, and integration of the engine with the structure 
would have been inconsistent with the need to replace 
an engine within one hour. That the Screamer was 
somewhat heavier than rocket engines built for other 
purposes, therefore, was only to be expected. 

For other applications, the Screamer would have 
been designed differently. For assisted take-off, for 
instance, the use of turbine-driven pumps would 
probably not have been justified unless the total impulse 
exceeded 200,000 Ib. sec. If dropped by parachute, 
advantage could have been taken of the probable high 
mortality rate to reduce the fatigue life and durability 
of some of the heavy components. An engine for such 


FiGuRE 41 (above). Engine installed in aircraft. 


Ficure 40 (left). Engine on handling trolley. 
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FiGurE 43. Altitude curves for sounding rockets. 
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an application need not be made to reset itself auto. 
matically, and could be calibrated to give the required 
thrust with the minimum of complication. It would be 
overhauled after each flight, and simple, one-shot, 


protective devices could be used to prevent ignition ' 


hazards. 

Liquid oxygen would probably be an unsuitable 
oxidant for defensive weapons because they could not 
be kept ready for instant use, and this application need 
not be considered. 

For offensive weapons, however, liquid oxygen 
would be quite suitable, and the very short life required 
would enable drastic savings in weight to be made. The 
performance of rocket engines in long range weapons 
is important, and this can be increased to the limit, even 
by allowing marked mechanical deterioration of the 
engine during its run. Much the same situation exists 
with respect to sounding rockets. To reach extreme 
altitudes, these must be of most advanced design, and 
for this reason it may be fruitful to consider their 
performance in greater detail. 

It is difficult to produce generalised curves showing 
all the factors because vehicle shape and size, which 


Ficure 44. Altitudes curves for sounding rockets. 
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TABLE I 
Basic Thrust Dry Weight 
Vehicle doubled doubled halved 
Weight of vehicle at “ all burnt ” lb. 500 500 500 250 
Weight of vehicle at launch lb. 5,000 5,000 5.000 4,750 
Mass ratio — 10 10 10 19 
Thrust lb. 8,393 8,393 16.786 8,393 
Specific impulse lb. sec/Ib. 186°5 373 186°5 186°5 
Jet velocity ft. /sec. 6,000 12,000 6.000 6,000 
Burning time secs. 100 200 50 100 
Acceleration at launch — 1-682 1-682 3-352 1-772 
Acceleration at “all burnt” 16:80g 16-802 33:°50g 33:50g 
Velocity at “all burnt ” m.p.h. 7,220 14,450 8.320 9,850 
Altitude at “all burnt” miles 54:0 215°9 34-6 64°5 
Maximum altitude attained miles 425 2,517 537 831 
V =V, log, Ry r=h +r, M,, mass at launch a, acceleration at launch 
h=V, (1 Re M, mass at “all burnt , acceleration at “all burnt 
m 2 6=(M,—M,) 
R,, mass ratio velocity at “ all burnt ” 
h=h - 6 alti > at ” 
thrust h, altitude at “ all burnt 
MoM Ry V, jet velocity h, maximum altitude 
n= — 
t, burning time r, tadius of earth 


influence the aerodynamic drag, depend on the propel- 
lants chosen and the base area, and the latter depends 
on the number of combustion chambers selected, and 
their expansion ratio. Ignoring aerodynamic drag, 
however, assuming constant thrust while the propellants 
are burnt, and making allowance for the reduction in 
gravitational attraction with altitude, one may plot 
three-dimensional curves similar to those on Figs. 42, 
43 and 44. These show the maximum altitudes attain- 
able by vehicles having mass ratios of 5, 10 and 20 
respectively, plotted against jet velocity (or specific 
impulse) and burning time. They show also the 
acceleration of the vehicle at the time of launch; to 
obtain the final acceleration this value should be multi- 
plied by the mass ratio (i.e. the ratio of the mass at 
launch to the mass when all the propellants are burnt). 
Just how important aerodynamic drag is likely to be, 
may be judged from the fact that the maximum altitude 
of 4,500 miles shown on Fig. 44 is reached by attaining 
a velocity of 18,150 m.p.h at an altitude of 74,200 ft. in 
10 seconds. Under these conditions aerodynamic drag 
is obviously of importance, and therefore the figures on 
the curve are only approximate. The curves are useful 
in indicating the relative importance of weight, thrust 
and specific impulse. 

Presupposing a basic vehicle, and then assessing the 
separate effects on its performance of doubling the 
Specific impulse, doubling the thrust and _ halving 
the dry weight, Table I may be obtained. It is seen that 
doubling the thrust doubles the accelerations of the 
Vehicle, but increases the maximum altitude by only 
264 per cent. Halving the dry weight doubles the 
maximum acceleration of the vehicle, but it also nearly 
doubles the maximum altitude. Doubling the specific 


impulse, however, multiplies the maximum altitude by 
six, Without changing the maximum acceleration. 
Indeed, increasing the specific impulse from 186-5 to 
250 would have the same effect on altitude as halving 
the dry weight without any of the attendant 
disadvantages. 

Of course, it would not be possible for half the 
weight of the vehicle to be saved by the engine 
manufacturer, because the engine itself would not 
weigh as much as this, but it can be shown that if the 
basic engine weight is (say) 30 per cent of the total 
vehicle weight, halving the weight of the engine would 
be equivalent to increasing the specific impulse by only 
10:3 per cent. Indeed it is possible that the increase in 
maximum acceleration, resulting from the saving in 
engine weight, might result in an increase of structure. 
Specific impulse is therefore of major importance in 
reaching extreme altitudes, even at the expense of some 
engine weight. 

This condition is not necessarily true for other 
applications, although it is probably true for missiles 
generally. For assisted take-off units, and particularly 
for those that are built into the aircraft, dry weight is 
all important. For mixed power plant aircraft the 
relative importance of specific impulse and engine 
weight will depend on the purpose and duration for 
which rocket thrust is required: and, as has been shown, 
there are other factors which must also be considered. 


Conclusion 


In this paper an attempt has been made to give an 
outline of the design and development problems 
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encountered in bringing a liquid oxygen aircraft rocket 
engine a fair way towards completion. Of necessity a 
large amount of detail has been omitted. Although the 
work done cannot be considered to be complete because 
the engine has not passed the equivalent of the Type 
Test, it is hoped that such progress as was made will be 
of use in other applications. 
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DISCUSSION 


F. M. OWNER (de Havilland Engine Co. Ltd., Fellow): 
It was usual to congratulate anyone who had given as 
much pleasure as Mr. Allen’s lecture had, but 
he wanted to congratulate him the more sincerely in that, 
not only had he given a beautiful exposition of perfectly 
executed development but, despite the frustration he 
must feel in the fact that these efforts did not come to 
the proper fruition of flight, he had preserved a 
magnificent sense of humour. 

He knew only too well what this particular kind of 
heartbreak was. He knew also that in this industry it 
was difficult to remain sane without a sense of humour, 
but seldom had he seen anyone deliver a lecture in such 
a philosophical way, so brimfull of information not only 
on the things that went right, but also on the things that 
went wrong and with such a whimsical sense of triumph 
over defeat. The lecture was excellent, not only for the 
technical matter but also for the almost unique descrip- 
tion it afforded of the way in which an engineering 
organisation was able to solve difficult problems of a 
new type within a limited period. It showed sharply 
the differences between the development of rocket 
engines and other types of power plants. This was not 
a question of sitting down and designing an engine to 
meet the specification because there simply was not 
enough background data and experience to draw upon. 
The Snarler engine was, of course, a fixed thrust unit as 
Mr. Allen had reminded them, with separately driven 
pumps. 

The Screamer represented the problem of quite a 
different order of magnitude. As they had seen, the 
programme resolved itself into an intensive development 
of individual components, before integrating these into a 
complete engine. Undoubtedly the most important and, 
at the same time controversial, feature of the Screamer 
design was the inclusion of water as a third propellant. 
One wondered whether that was really unavoidable. It 
undoubtedly eased the gas generator temperature control 
problem and enabled partial film cooling of the com- 
bustion chamber to be successfully developed. But 
would it not have been possible to solve these problems 
by suitable mixture ratio control of the main propellants, 
thus avoiding the extra complication of the water 
system? The decision to run at the stoichiometric 
mixture ratio also made it harder to achieve high com- 
bustion efficiency because, as they all knew, in other 
forms of combustion, such as the ram-jet, the more 
nearly one attempted to achieve complete mixing and 
combustion of both fluids, the harder it became to 
achieve high combustion efficiency. 

Mr. Allen had discussed briefly also the choice of 
number of chambers and had done so on the basis of 


the part thrust performance. It was agreed that com. 
bustion efficiency should not deteriorate unduly down 
to fairly low chamber pressures and, at high altitudes 
(as Mr. Allen pointed out) the expansion ratio was high 
enough to ensure good performance, so that a single 
chamber should be satisfactory. He would like to 
suggest, however, that there was also another factor, and 
that was the choice of the effect of scale on the chamber 
mechanical design. As the chamber got larger as one 
increased the size of the unit, the chamber wall should 
increase in thickness to preserve the same stress level, 
but it should remain at the same thickness in order to 
preserve the same temperature, and at some point these 
two would no longer remain compatible. It would be 
interesting to have the lecturer’s comment as to where 
this might occur and to hear whether he would have 
undertaken the development of multi-chambers for 
larger engines, or whether he would have gone to some 
radically different form of chamber construction, as for 
example the “ spaghetti ” type. 

Had Mr. Allen, in the course of his development, 
undertaken vibration measurements of the frequency 
and amplitude of the vibration which could be experi- 
enced with rocket engines? From the mechanical 
engineering standpoint he thought this was of great 
importance in relation to the pipes, of which there 
appeared to have been several! 

The paper had shown that the design of the engine 
was influenced to a large extent by the fact that it was 
intended to be used in piloted aircraft. As a result no 
compromise could be made with component reliability 
and all possible safety devices had to be incorporated so 
the engine was comparatively heavy. He emphaticall) 
endorsed this design philosophy. Where the choice lay 
between weight and certain reliability then weight must 
take second place, particularly as in this instance, as 
Mr. Allen had so rightly pointed out, the weight of the 
unit was a small consideration as compared with the 
specific impulse. 

He thanked Mr. Allen for providing the whole 
industry with so much information most of which was 
new, not only on what worked but on what did not; he 
thought the latter was often the more valuable. 


P. N. ROWE (Imperial College): He would like to ask 
why, according to the rough measurements he had made. 
the nozzle divergence angle was about a fifteen degree 
half angle? Both the drawings, from rough measure: 
ments, were about fifteen degree half angle. They had 
made measurements and found that the optimum angle 
was about eight and a half degrees and that gave an 
increased thrust efficiency of about one per cent, which. 
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he thought, would be about 80 Ib. in this case, and that 
would surely pay for the extra weight in the longer 
nozzle. 

There was quite a large expansion ratio in both these 
motors and they proposed to use them at very low 
pressures down to about, he thought, 80 Ib. a square 
inch. In that case there would be considerable detach- 
ment within the nozzle and he wondered if they had 
ever experienced any asymmetric detachment. They 
had noticed that if nozzles were run at very low 
pressures they tended to detach asymmetrically and to, 
what they had christened, “ flip flop,” go from one side 
of the nozzle to the other. Had the lecturer any 
experience of that? 


C. T. WILKINS (de Havilland Aircraft): He was not 
quite sure if Mr. Allen made it clear whether the oxygen 
feed were pressurised to avoid pump cavitation or not, 
and if so what pressures were used. 


MR. PALMER: An impressive feature was the sense 
of pioneering that Mr. Allen had given them because, 
one might perhaps get biasé about missile engines where 
nobody had to stay in close proximity for any length 
of time, but a piloted engine of a rocket type was much 
newer. Could Mr. Allen tell them anything of the order 
of life of the engine he was designing, because presum- 
ably the five minutes or so that was likely on a weapon 
engine was not enough, although for all Mr. Allen’s 
ability he doubted whether he had gone up to a 
1,000 hours between overhauls yet. 

He was sure that Mr. Allen treated liquid oxygen 
with disdain, but to him it was impressive and nasty 
looking stuff. Mr. Allen had explained some of the 
problems, for instance of cavitation, and how on top of 
all the normal engineering difficulties and of cavitation 
one might get spontaneous combustion in a light alloy 
casing. Were there any particular metallurgical prob- 
lems connected with a change of the actual metal 
property at extremely low temperatures of liquid oxygen 
that might cause embarrassment in designing what might 
otherwise be a simple part? 


S. L. BRAGG (Rolls-Royce Ltd.): Mr. Allen described 
how easy combustion was in the rocket chamber, 
because the pressures and temperatures were so much 
higher than in an aero engine combustion chamber, and 
one was dealing with pure oxygen. When he himself 
was involved in combuster development, he used to say 
that of course his problem was some ten million times 
more difficult than that of the rocket people. However, 
when one looked at the curves one saw that the specific 
impulse obtained with Mr. Allen’s motor was only 220 
compared with a theoretical value of 260 units. This 
did suggest a loss of efficiency, especially as the 
efficiency was approximately proportional to the square 
of the specific impulse. What did Mr. Allen consider 
the reason for inefficiency in a rocket motor? 

Some time ago some articles were published in the 
“Journal of the American Rocket Society” suggesting 
that if one tried to throttle a rocket motor down to a 
point where the pressure drop across the atomiser was 
of the order of half the pressure in the chamber, serious 
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combustion instability might occur. Such instability, 
normally referred to as chugging, was caused by a 
coupling between the combustion process and the fuel 
supply, at low injection pressures. In_ throttling 
Mr. Allen’s engine from 8,000 to 800 lb. thrust, one 
would expect that the pressure drop across the atomisers 
was reduced by a factor of nearly one hundred. Did 
Mr. Allen get any chugging, and if not why not? 

Figure 3 showed a comparison of the various fluids 
for driving a turbine: h.t.p., kerosine/oxygen mixtures 
and so on, were all compared at a turbine inlet tempera- 
ture of 600°C. This seemed rather unfair, because one 
argument against the use of h.t.p. for driving a gas 
generator was that it was limited to this low temperature. 
It seemed rather like comparing the performance of, say, 
the Comet, the Viscount and the de Havilland Rapide 
at 100 m.p.h. 


SQN. LDR. H. BUSEN-SCHMITZ (R.A.F. Technical 
College, Associate Fellow): How was fuel atomisation 
obtained where the streams were parallel without 
impingement? Also, could the lecturer give some idea 
of the range of combustion intensities associated with 
the wide range operating conditions of the Screamer 
type of rocket motor? 

In ram-jet practice, the high frequency instability 
known as “screeching” or “screech” was normally 
associated with vortices generated by parts of combus- 
tion chambers protruding into the gas stream. Since 
the rocket combustion chamber did not contain such 
parts, it would be interesting to know the cause of 
* screeching ” encountered in the development work on 
the Screamer, and the region of the combustion chamber 
affected by this instability. 


D. L. LOFTS (Rocket Division, de Havilland Engine 
Co. Ltd., Associate Fellow): He thought that the most 
interesting thing about the performance of the Screamer 
was the very high S.I. obtained with this throatless 
chamber and low L*. It was true that values of L* had 
been continually decreasing, but to obtain such high 
performance with such low values of about 14 in. was 
remarkable, and certainly seemed to be tied up with 
the fact that the design was throatless. 

For some time people had realised that L* had a 
number of failings as a criteria of chamber performance 
as there seemed to be some definite length effect. He 
would appreciate Mr. Allen’s comments on this point. 

It would also be interesting to know if, with the 
throatless chamber, Mr. Allen operated the unit with 
the same throat static pressures as the conventional 
chamber and injected at a higher pressure to allow for 
the high fundamental pressure loss. 

Perhaps he could just make some comment on this 
question of combustion instability and injector pressure 
drop. He thought that Mr. Bragg might have misread 
the theory on this point. The published theory showed 
that if the injector pressure drop were greater than half 
the combustion chamber pressure then it should not be 
possible to get low frequency instability. It did not 
necessarily follow that if the pressure drop were less 
than this, that one would automatically get instability. 

He would like to thank Mr. Allen for the 
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quantitative data given in the paper and particularly the an obvious case in point; so also were the sounding | alth 
L* values for the gas generator. In project work on units rockets discussed in the interesting concluding section of yer 
using unfamiliar propellants the question of size of the the present paper. liqu 
gas generators was usually the major unknown and It was a very real and special part of the achievement 
information such as this was therefore most valuable. of Mr. Allen and his team to have provided practical » 
: , roof that the special requirements for the fi 
DENNIS S. CARTON (Dept. of Aircraft Propulsion, The P fighter Th 
rocket engine, of safe ignition, re-lighting, wide thrust 
College of Aeronautics): The Americans had been bol 
: control, turbine drive, and so on, could be satisfied with 
searching for different sorts of vibration characteristics 
: ri og liquid oxygen, albeit at the expense of considerable 
in combustion in just the same manner as they had been aie: gen 
; ‘ ca complication. But would he not now agree that they I 
searching for mesons, and he thought they had identified A > pial 
could be better met by the use of h.t.p.? Also, andj. 
four types already. f ae: lini 
; —, above all, the requirements of rapid fuelling, the stand- | 
Since Mr. Allen had had to use water for cooling in He ala : su] 
a é Eee by condition, and the stowage volume needed in the h 
preference to kerosine, he would like to know if liquid the 
: ; airframe—again for this particular application—were all 
oxygen had been tried as a coolant for any particular bash . ; ' wat 
: ; : so strongly in favour of h.t.p. as to be almost over- ha 
project. Also, had combustion chambers with external tha 
: ; : whelming. Only the questions of supply and cost ever 
water cooling, and regenerative cooling been used, and wat 
‘ hietiee supported the choice of liquid oxygen, and it should 
could the performance of the two be related? oe : Reha trol 
: : always have been obvious that these could be answered d 
Mr. Allen had talked of being fortunate to obtain a if Sie : rea 
nll : by intelligent foresight and planning by other agencies 
one per cent accuracy with instrumentation, and yet had 
than those responsible for developing rocket engines. 
used a specific impulse of 186-5 as an example. How ane date 
ncidentally, was the flight clearance date of 1956 pis 
a ; really decided for the Screamer way back in 1952? as 
A. V. CLEAVER (Fellow) contributed: He greatly There had been other projects for which a shorter and 
regretted being unable to attend Mr. Allen’s lecture, but less realistic time scale was originally insisted upon, thus 
now that he had read it would like to congratulate him providing one of the factors which resulted in the &€" 
on an excellent and straightforward account of a very development actually taking longer than it need have and 
well-conceived and well-executed development pro- done. The lecturer was entirely right in stressing (as 
gramme. He knew Mr. Allen had made a very good he did throughout his paper, both directly, and else- ! 
engine, and now he had produced a very good paper. where by implication) the great value of adequate [sl 
Coming from an erstwhile rival (although a friendly component rig testing, and of providing the necessary 0" 
one), he hoped all that would be taken as a meaningful rigs and instrumentation for carrying it out, on rocket 
tribute, not just the formal phrases which were perhaps engines even more than for other types of power plant. r0 
too common on such occasions. With their potentially greater capacity for self-destruc- — turr 
He could wish, and perhaps Mr. Allen might agree, tion, these also placed a premium on the provision of _ retu 
that all this engineering skill, and the resources which adequate shop facilities to pursue a policy of “make, — buc 
backed it up, had been expended on a project of which break, re-make and re-test "—almost ad nauseuam. 
it did not finally have to be said (after many years of Turning to points of engineering detail, would 
intensive effort) that: “ Screamer development was con- Mr. Allen agree that another advantage of a gearbox in 
cluded due to a decision that there was no the turbo-pump assembly was to isolate the hot (turbine) 
application for a liquid oxygen rocket motor for use in components from the cold ones (i.e. the pumps them- ae 
a piloted aircraft.” One could entirely agree with that selves)? This particular point was one that always hal 
decision, for military operational aircraft, without wish- would have to be settled for a particular case—some- ina 
ing to denigrate in the least the excellent quality of the times it would be advisable to gear, sometimes not. 
Screamer as an engineering exercise; the point was, why The dry weight of A.T.O. units was surely of special 
was Mr. Allen set the wrong exercise? importance only if they were built into the aircraft; their "4 
To many, those remarks might seem to be taking on weight was a negligible percentage of the A.U.W., as tim 
the character of hindsight, but actually they came from regards effect on take-off performance, but not on range Ni 
someone who had always believed that the piloted inter- and ceiling if they were permanently carried. Also, the mi 
ceptor was a “ natural” for hydrogen peroxide (h.t.p.), advisability of changing from a turbo-pump to 4 
and that, for this application, the choice of liquid oxygen pressurised tank propellant feed system was more a Wal 
was just as unnatural. (Nor was any remarkable pre- function of the actual firing duration than of the total the 
science claimed for this attitude; it merely accepted boost impulse. con 
what the Germans had concluded some thirteen years He shared Mr. Allen’s surprise that the _ best dec 
ago, after a more vigorous prosecution of rocket motor impinging jet injectors were “ like-on-like.” rather than [01 
research and development than any yet seen in this the “ fuel-on-oxidant ” which might have been expected The 
country). There were, of course, other applications, as to promote more immediate mixing. Mr. Allen’ had 
Mr. Allen so rightly implied, for which the reverse explanation of why this might be so with liquid oxygen alm 
would be true, and one hoped his experience would be as the oxidant was most convincing, but was he not abl 
properly utilised on them. All strategic missiles, which right in believing that some other workers had found 8.1. 
did not need to be held fully-fuelled at readiness on sites the same result, when using different oxidants, for 
without the most elaborate facilities, and which were example nitric acid? If so, there might be a mom oxy 
usually less exacting in their functional demands, were general explanation, or a subsidiary additional ont. wat 
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ALLEN 
although the lecturer’s theory about “ chilling ” seemed 


very likely to account for the main factor when a 
liquified gas was one of the propellants. 


J. A. WILLIAMS (Laporte Chemicals Ltd.) contributed: 
The gas generator was similar to submerged combustion 
boilers proposed for light weight power units. (The 
“mushroom ” type reminded him of the McCurdy steam 
generator (circa 1934 and proposed to power a sea- 
plane). It used compressed air and had refractory 
lining). They usually failed through corrosion due to 
sulphur dioxide (from sulphur in the fuel) catalysed by 
the iron oxide on the pipes, and so on, and with the 
water vapour formed sulphuric acid. It was believed 
that carbon dioxide and other trace impurities with the 
water vapour also played a part. Free carbon caused 
trouble—avoided here by accurate observation and 
redesign. 

Favourable conditions were assisted by the 
simplicity of Mr. Allen’s arrangement and no nitrates 
could have been formed as oxygen was used instead 
of air. 

Were the temperatures in the pipes between 
generator and turbine above dew point of sulphuric acid 
and were they made of stainless steel? 

Expansion through the turbine caused temperatures 
to fall where the Nimonic alloys used had corrosion 
resistance. On the other hand, these conditions of stress 
corrosion might have influenced the fatigue noted. 

Apart from the fluid spill from a bucket without a 
“roof” it could easily be shown that where the bucket 
turned from normal to the jet through z° the axis of the 
return was deviated 22°. Increase in the number of 
buckets reduced z before another bucket came normal 
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to the jet which explained the increase in efficiency 
noted. 

In the type of turbine blading ultimately chosen, 
geometry of the jet was less affected by angular motion. 

Did Mr. Allen know of the Terry turbine, where the 
axis of the bucket was much more dug into the body of 
the disc than appeared in the third example of the 
Riedler-Stumpf? This method confined the steam 
adequately but with some loss of efficiency due to 
reduction in effective radius of thrust. Efficiency was 
restored to that of a single bladed wheel (as ultimately 
used here) by the use of a velocity changer so that the 
steam after leaving one bucket was transferred to the 
adjacent bucket and once again afterwards—in effect a 
wheel of three stages. 

A few years ago Professor Knapp of the California 
Institute of Technology circulated aerated water at 
various speeds and pressures past different shaped bodies 
in the axis of what might be termed a hydraulic version 
of a wind tunnel. He illuminated through glass 
windows the cavitation bubbles formed on the surface 
of these bodies and similarly photographed their motion 
and change of shape by means of an ultra-high speed 
ciné-camera. From this he concluded that pressure 
and associated temperatures which might be very high 
indeed were reached inside the bubbles. Cavitation 
erosion was, therefore, a process of melting off metal. 

He wondered if Mr. Allen knew of this, since he did 
not refer to it. Yet he thought the conclusions he drew 
were correct (high temperature, and so on) as the com- 
bustion of the diffuser casing appeared to confirm 
Professor Knapp’s work. 

He was sure Mr. Allen’s paper would be of great 
interest to rocket engineers and also to those working 
on allied subjects. 


MR. ALLEN’S REPLY 


MR. OWNER: Mr. Owner had completely over- 
whelmed him. He was sure that the lecture was not 
half as good as that, but it was very nice of Mr. Owner 
tO Say so. 

The answer to the question “ Was the use of water 
unavoidable? ” was of course that it was not; but at the 
lime it appeared to be a means of shortening the time 
required to develop the engine to a stage where it could 
be used for tests in flight. 

It would be remembered that he had said the use of 
water was only an interim measure. Having used it for 
the turbines, they were tempted to use it for cooling the 
combustion chamber also. Whether it was the right 
decision at the time was difficult to decide as one tended 
to remember the difficulties rather than the advantages. 
The use of water certainly eased the cooling problem; 
had water not been used they would, at that stage, 
almost certainly have had to run the chamber consider- 
ably “ fuel rich.” which would have resulted in a lower 
S.1. than that which was obtained. 

If they undertook the development of another liquid 
oxygen/kerosine rocket they would certainly not use 
water. 


Regarding scale effect, Mr. Owner was quite right; 
one did get into serious trouble due to the increasing 
thickness of the chamber wall, due to stress considera- 
tions, with increasing size. He thought the solution was, 
as Mr. Owner had suggested, the use of the “ spaghetti ” 
type of construction, in which the chamber was built up 
of numerous tubes. 

On the subject of vibration, no vibration measure- 
ments were done on the test bed. It was planned to 
make such measurements in the flying test bed. 
Unfortunately the opportunity did not occur. 

It was found that the rocket started with a bang 
which some people found rather alarming, and measure- 
ments were made of the “kick” at starting. This was 
found to be only 10 per cent in excess of the mean 
thrust. 


DR. ROWE: They chose a 15 degree half angle 
because the general background of experience on 
rockets indicated that this was about the best angle. 

It was difficult to obtain comparative results on a 
test bed which were more accurate than +2 per cent 
and thus a variation such as Dr. Rowe suggested might 
pass unnoticed. The gain of one per cent in specific 
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impulse had to be debited with an increase of 75 per 
cent in the length of nozzle. Apart from the increase in 
weight, which would be considerable, there was an 
installation problem, and also cooling would be more 
difficult. These arguments applied only to an aircraft. 
In a long-range guided missile, S.1. would be all- 
important. 

Regarding detachment of the jet, the possibility of 
cycling which Dr. Rowe had mentioned was a bogy 
which was always haunting them but up to now they 
had not met it. 

The rocket would be run at pressures as low as 
80 p.s.i. only at great altitudes and therefore the degree 
of over-expansion would not be great. 


MR. WILKINS: The oxygen tank was to be maintained 
at a pressure of 15 lb. per square inch absolute at all 
altitudes. The booster pump which was_ bolted 
immediately on to the tank gave a pressure rise of about 
10 Ib. per square inch, which he thought answered the 
question. 


MR. PALMER: The target was to give the Screamer a 
25 hour overhaul life. The Flight Clearance Test which 
they did in fact do, totalled over an hour, and it included 
such tricks as shutting down by running out of fuel, shut- 
ting down by running out of oxygen, doing a rapid 
re-start after trying to start with no ignition, and various 
other items like that, in fact, everything else one would 
not do on any account if one had full control of the 
matter: the engine passed the declared test at the first 
attempt. Of course, over an hours’ running was not to 
be compared with 25 hours; there was a lot more 
development to be done. 

They did not encounter any metallurgical problems. 
Most, or a lot, of the light alloys were in fact improved 
in their properties at the temperature of liquid oxygen; 
the stainless steels suffered hardly any embrittlement, 
but mild steel did become extremely brittle and must be 


avoided. It was usually avoided in rockets for other 
reasons. 
MR. BRAGG: At the time when Mr. Bragg was 


10 million times worse off than the rocket people he 
himself had the worst of both worlds in being engaged 
on both rocket and gas turbine combustion work. The 
answer about low S.I. was that firstly they were using a 
throatless combustion chamber which suffered an 
inherent loss due to being throatless: in other words a 
rapidly moving body of gas was being heated and there 
was an inherent loss in head; secondly they were using 
heavy film cooling. The L* of the throatless chamber 
was about 14. To give them a comparison with some- 
thing they were familiar with, he thought the L* of the 
V.2 was somewhere about 120, so that they were only 
using a tenth of the volume which had been used in the 
V.2 and if he remebered rightly, the V.2 had a com- 
bustion efficiency of only about 80 per cent, which was 
deplorable in a chamber of that size. He was quite sure 
they would have eventually obtained a much better 
efficiency. 

Injection pressure drop and instability was a subject 
which people had amused themselves by writing about 
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in America almost as much as people used to write 
about detonation in this country. He was convinced 
that the reason they did not get it was because it was 
nothing whatever to do with pressure drop across the 
injector. 

Regarding the choice of 600°C as the turbine 
operating temperature, the turbo pump consumed about 
2 per cent of the total rocket propellants. By increas. 
ing the temperature quite a lot one would not expect to 
increase the turbine efficiency by, say, more than about 
20 per cent so that the effect on the S.I. was very small 


indeed; it was not worthwhile running the “ guts” out 


of the turbine to gain something that was practically 
negligible and therefore they ran it at a fairly low 
temperature. If the temperature were forced up, turbine 
troubles were introduced which gas turbine people knew 
quite well and they might as well keep a wide margin of 
safety because the return for narrowing it was negligible. 


SQN. LDR. BUSEN-SCHMITZ: Atomisation in the 
shower head presumably did not occur. What happened 
was vaporisation. They had tried the shower head 
because they read in the book somewhere that it looked 
as if it were a good thing. He thought what happened 
in that case was that there was backward flow between 
the parallel jets which vaporised the fuel and oxygen and 
they mixed as they went down-stream and so burned; 
they would remember the performance was not as good 
as with impinging jets. He agreed that atomisation 
could not occur in that case except for the raggedness 
one normally got at the edge of a jet of that nature. 
The combustion intensity in the throatless chamber was 
of the order of 50 million C.H.U’s per cubic foot per 
hour per atmosphere. 

Regarding the mechanism of screeching, it appeared 
to be exactly the same sort of screech as they had been 
getting in various combustion devices over the past 10 
or 15 years. In fact he believed somebody made a gas 
burner on that principle. It gave a very high rate of 
heat release, but what caused it and what the mechanism 
actually was, he did not know. In rocket and gas 
turbine systems the associated vibration was_ very 
destructive. Mr. Bragg had done quite a lot of work 
on this phenomenon and it would be interesting to see 
how his theory was applied to a rocket combustion 
chamber. 


MR. LOFTS: Combustion in the rocket motor was, as 
he still claimed it was in the gas turbine field, an art and 
not a science. It could be a science if everyone under- 
took to use the same form of injector and the same 
shape of chamber and the same pressure and the same 
fuel, but the engineer would always cheat the scientist by 
trying something the scientist had not worked out yet. 
and so it was with this shape of combustion chamber. 
One must relate the shape of the combustion chamber 
to the injection system one used and one could not 
really lay down rules for what was the best shape unless 
one was also going to state what kind of injector was 
going to be used; as there were endless combinations 
and types of injector one could not really say too much 
about //d ratio. Usually when they did not use 4 
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throatless chamber they aimed at an //d ratio of about 
two. That usually fitted into the structure very well. 
The throatless chamber was slightly larger in bore 


than the equivalent throated chamber because of the 


~ 


loss in pressure which the speaker mentioned. 

He would like to make something clear which he 
mentioned in connection with what Mr. Bragg said. He 
had said he did not believe that the pressure drop across 
the injector had anything to do with combustion 
instability, but he was thinking of screeching and not 
chugging. Chugging he could quite believe could be 
something to do with the fuel system. It was a very 
low frequency oscillation. Screeching was not, it was of 
avery high frequency and they had had it under condi- 
tions Where neither the fuel system nor the injector 
pressure drop could possibly affect it. 

Coming back to Mr. Lofts again, he thought or 
rather he had a suspicion, that the reason they got no 
screech on the Screamer was because they were using 
kerosine and not a mixture of methanol and water. One 
would expect the reaction time to be rather shorter with 
kerosine than with methanol and water, especially if 
they looked upon the overall reaction time as the 
interval between entry and completion of burning, and 
not necessarily only the chemical reaction time. They 
did of course give the propellants far more time to burn 
than in theory they need. The actual time for the 
chemical reaction to take place between oxygen and 
kerosine was thought to be so short as to be negligible 
in any consideration. 


MR. CARTON: They did try the LO, as a coolant once 
or twice and each time it cost them a combustion 
chamber and they thought it was high time they tried 
something easier if they were ever going to achieve 
flight. Concerning the relation between water cooling 
and fuel cooling he was afraid he could give no figures. 
Because they had not done sufficient work on fuel cool- 
ing when the contract was closed he could not give an 
accurate comparison. The figure of 186°5 must have 
been a typographical error! 


MR. CLEAVER: He thanked Mr. Cleaver for his 
remarks and also regretted he was unable to be present. 

Mr. Cleaver stated they were set the wrong exercise 
—and as no direct use had yet been made of the partial 
solution he must agree that Mr. Cleaver was partly right. 
He did not, however, view hydrogen peroxide with quite 
the wild enthusiasm shown by Mr. Cleaver. Hydrogen 
peroxide certainly did not evaporate quickly at atmos- 
pheric temperatures, and due to its low performance 
eased the cooling problem somewhat, but he was not at 
all sure that intelligent foresight and planning could 
answer the cost and supply problem. Hydrogen 
peroxide was inherently costly compared with liquid 
Oxygen. Further, a large and complicated plant was 
required to produce it, whereas liquid oxygen could be 
produced by a comparatively simple plant anywhere in 
the world where fuel, oil or other sources of power were 
available. He thought that provided hydrogen peroxide 
could be produced reasonably cheaply and transported 
lo, and stored in large quantities, at all possible opera- 
tional bases it would be the best choice for a rocket 
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powered aircraft. He did not know whether these 
conditions could be met. 

He thought Mr. Cleaver had misunderstood the 
statement that “a target was taken to have the rocket 
flying and producing brochure figures by the end of 
1956.” This did not imply a Flight Clearance Test, but 
a full Type Approval Test, obtaining brochure figures. 
It was unlikely that they should have met this date. 

He was not at all sure that a gearbox had the 
advantage of separating the hot component from the 
cold ones. The gearbox itself was “hot” compared 
with liquid oxygen. 

Mr. Cleaver was quite right in saying that the weight 
of an A.T.O. unit was only of special importance when 
it was built into the aircraft. 

The choice between a turbo-pump and a pressurised 
tank system seemed to him to depend on the amount of 
propellants to be pumped or displaced per sortie. This 
amount was a function of the total impulse. 

He was not aware that other workers had found 
“like on like” impingement more satisfactory than 
* unlike,” but it was not surprising. Chilling could, of 
course, occur even with air. 


MR. WILLIAMS: He would go further than Mr. 
Williams about the gas generator and say that it was in 
fact a submerged combustion boiler for a light weight 
unit. 

The dew point temperature was a function of the 
sulphuric acid concentration of the hot gases. The 
possible concentration of sulphuric acid would be very 
low, as the fuel, which was but a small part of the total 
propellant, contained less than 0:2 per cent sulphur. In 
any case the gas temperature was substantially higher 
than the saturated liquid temperature at the gas 
generator pressure. 

The oxides of sulphur present in the combustion 
gases could cause corrosion. The effect, however, was 
small compared with the effect of the fatigue stresses in 
this case. He did not think that the elimination of all 
the corrosive elements would materially affect the 
fatigue life of the blades. The pipes between the gas 
generator and the turbine were made from stainless steel. 

He did, of course, know of the Terry turbine and in 
fact a turbine of this type was considered. However, 
the velocity changer precluded the use of total 
admission. Partial admission would require a wider 
bucket and disc to avoid gas spillage. The increase in 
weight would not be worth any increase in efficiency 
which might be obtained. Did Mr. Williams know of 
the Walter turbine which applied the same principle to a 
bladed turbine? In practice, these devices seldom 
repaid the effort put into their development with a 
worthwhile increase in specific impulse. At this stage 
it was better to keep the turbine unit simple and light 
and to concentrate on the combustion chamber. 

He was quite aware of Professor Knapp’s work on 
cavitation; he had, however, always understood that 
cavitation was accompanied by high local pressures and 
temperatures and their conclusions on this failure were 
reached before Professor Knapp’s work was published 
in this country. 
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Effect of Flow Pulsations on Form Drag 


F. J. BAYLEY, M.Sc., Ph.D. A.M.1.Mech.E. 


(Lecturer in Mechanical Engineering, King’s College, Newcastle-on-Tyne) 


ELATIVELY simple theoretical procedures enable the 

pressure loss of the simpler forms of baffle used for 
flame stabilisation in combustion chambers to be computed, 
while tests made under non-burning conditions are avail- 
able for ad hoc testing of the geometrically more compli- 
cated forms. Both these methods, with the appropriate 
corrections for the momentum changes due to burning, 
have in the past proved suitable for the prediction of the 
drag of aero-engine combustion chambers under operating 
conditions. Recently, however, it has been found that 
under certain conditions, associated especially with very 
high rates of heat release, the drag of combustion systems 
can become very much greater than would be predicted 
either from simple theoretical considerations or from 
conventional “cold” tests, and vary in an unexpected 
manner with the normal flow parameters. 


It was first suggested by Mr. M. Cox of the National 
Gas Turbine Establishment at Farnborough, that these 
unexpected results could be explained by the existence of 
pulsations in the fluid stream arising from the high intensity 
combustion process. To determine whether or not flow 
pulsations of the appropriate magnitude can significantly 
affect the form drag of simple types of baffle, an apparatus 
has been built by the author in the Stephenson Engineering 
Laboratories of the University of Durham, which it is 
the purpose of this Note to describe and to report the 
findings of the preliminary experiments made so far. 


APPARATUS 


The general arrangement of the apparatus used for the 
investigation is shown in Fig. 1. A six-stage blower is 
used to suck air through two 41 inch diameter pipe lines 
in parallel, in one of which the principal measurements 
are made, while the second acts merely as a bleed line to 
“dilute” the pulsating flow from the other line entering 
the blower. The rate of bleed flow is measured, as is the 
total flow from the blower outlet, by a standard orifice 
plate and the mean rate of pulsating flow is determined as 
the difference between the two. 

The main flow is made to pulsate by a rotating butterfly 
valve twenty diameters downstream of the baffle under 
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test. The amplitude of pressure pulsation can be altered 
by using butterfly valves of different diameters, while the 
frequency—measured by a generator-tachometer—can be 
varied between 10 and 100 cycles per second by control 
of the d.c. motor rotating the valve. Measurement of the 
amplitude of oscillation is made electronically through the 
agency of a variable capacitance pick-up, the signal vari- 
ation from which is displayed after suitable amplification 
on a cathode ray oscillograph. The usual procedure is to 


determine the peak-to-peak amplitude of oscillation with | 
the time base of the oscillograph switched off and to cali- | 


brate the height of the beam trace statically against 
mercury manometer. 

To avoid the pitfalls associated with the measurement 
of average pressures in unsteady flow, the drag of the 
baffle under test is determined directly by means of the 
weigh-gear which can be seen in Fig. |. Baffles used so far 
have been in the form of sharp-edged circular plates and 
these are mounted on a horizontal arm arranged centrally 
in the pulsating stream. The force on this arm, and hence 
the drag of the baffle, is obtained from the force on the 


FIGURE 1. 


Apparatus. 
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FiguRE 2. Effect of amplitude of pressure fluctuation on drag. 


ered spring balance on the underside of the fulcrum lever 

the necessary to return the lever to its central position. This 

1 be weigh-gear has proved very convenient in operation, since 

Mtrol | it jg possible to perform a series of constant drag tests, 
the | which are of particular interest in some applications of this 

| the work, merely by adjusting the flow rate past the baffle so 

var 4s to keep the fulcrum lever in its central position with 

14 different conditions of pulsation. 

with | 

Call pRELIMINARY RESULTS 

ie ' Up to the time of writing experiments have been made 

upon a circular plate 2:85 inches in diameter, in two 

nent separate test series. In the first the Mach number of the 
the | fow in the pipe line was kept constant at about 0-1, while 
the the amplitude and frequency of the flow were varied over 
tar the available range, and the second series was carried out 
= with a constant drag force on the baffle. 

nid Results obtained in the first test series are shown in 


the Fig. 2 where the drag force on the baffle is plotted as the 

dimensionless ratio, drag/ product of pipe area and dynamic 

head, against the half-amplitude of vibration, also made 

dimensionless by division by the dynamic head in the pipe. 

The significant increase in drag coefficient in the region 

of high-amplitude vibration is clearly evident from these 

results. The points shown were obtained over the whole 

| range of possible frequencies of operation and this para- 
meter appears to exert no detectable effect. 

Figure 3 shows the results obtained in the second 
series of tests at constant drag. These are interesting in 
that they show a very similar trend to measurements made 
from high intensity combustion chambers with severe flow 
pulsation. The effect of the increased loss, as may be seen 
ftom the figure, is to reduce the rate of flow past the baffle, 
thus increasing the loss coefficient and decreasing the Mach 
number. 

It should be made clear that in the tests reported here 
the amplitude of pressure pulsation in the pipe was 
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measured at a point five duct diameters downstream of 
the baffle, where the flow was presumed to be again distri- 
buted uniformly across the pipe after the restriction. 


CONCLUSION 

The results presented in this note, although of a 
preliminary nature, appear to support the belief that the 
abnormally high pressure losses observed under certain 
conditions of operation of high intensity combustion 
systems are a result of pressure pulsations in the fluid 
stream. At a constant Mach number an increase of 60 
per cent in pressure loss coefficient has been observed over 
the equivalent steady flow value, while in the tests at 
constant drag the loss coefficient has been observed to 
vary in a manner very similar to that obtained from tests 
on combustion systems. 

In the immediate future it is planned to undertake, 
with the apparatus described in this note, a comprehensive 
series of tests upon the effects of flow pulsation on form 
drag. Baffles covering a wide range of blockage ratio will 
be tested, while it is proposed also to measure the amplitude 
of flow pulsation at the vena contracta of the baffle as well 
as in the region of developed flow as at present. 
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A Short Cut Method ‘for Estimating Aircraft Direct Operating Costs 


by 


C. J. HAMSHAW THOMAS, Grad.R.Ae.S. ) 
(Vickers-Armstrongs (Aircraft) Ltd. Weybridge) 


HILE CONGRATULATING F. Robertson 

on his technical note in the January 1957 JOURNAL 
(page 52) on “short cut” methods of estimating aircraft 
direct operating costs, which certainly give a very rapid 
approximate answer, I am somewhat uncertain as to 
its practical value. In the analysis of possible projects, 
having established the general range of operating costs, 
which can usually be done by a combination of experience 
and inspection, interest lies primarily in the effect on cost 
of operation of such factors as change of type of power 
plant, fuel used, what complexity of structural designs is 
permissible from a cost aspect, how much is desirable 
from a weight saving aspect and so on. Unfortunately, 
Mr. Robertson’s formulae do not allow such comparisons 
to be made primarily because of the assumptions made. 

The first two assumptions are reasonable, but under 
(1)* the only normal item which appears to be omitted is 
the crew cost which on North American labour rates may 
represent as much as 16 per cent of the total cost, which 
cannot be ignored. The assumption of an eight-year 
financial life (2) with nil residual value forms, in my 
Opinion, a more realistic assumption than those of the 
S.B.A.C. method, and the insurance premium (3) is likewise 
acceptable. The assumption (4) on cost of the aircraft is 
more debatable. This assumption would not give the 
correct difference between a simple, heavy but cheap 
structure and the obviously more expensive refined lighter 
version which might be developed from it. Similarly it 
would not give a realistic approach when comparing 
projects with widely different power plants, the cost per 
pound weight of piston and turbine engines being generally 
different. Another difficulty of this assumption is that the 
effect of engines spares holding can make an appreciable 
effect on operating cost when comparing a cheap machine 
with expensive engines and an expensive airframe with 
cheap power plant. From the assumption and formulae 
quoted it is difficult to see where Mr. Robertson’s spares 
are accounted for and these items can represent 5 per cent 
of the operating cost. 

The above criticisms of the first cost evaluation tech- 
nique also apply to the quoted figures for maintenance and 
overhaul costs, which for the airframe at least, could with 
refined aircraft be in inverse ratio to the weight. It is of 
course common practice to base the engineering costs on 
weight (with power plants removed) but in some cases this 
may prove unsatisfactory. With this assumption also it 
becomes impossible to distinguish between the various 
types of power plant. 

Finally the assumption of a flat fuel rate of 3d. per Ib. 
is surely undesirable for comparing piston and turbine- 
engined aircraft, and so on. Restricting the examination 
to operations in one area—and it must be borne in mind 
that the world-wide variation of fuel prices is such as to 
make one aircraft superior to others in one part of the 
world, whereas elsewhere it is inferior—it must be possible 
to differentiate between gasoline at 4d. to 44d. per Ib. 
according to octane number, kerosine at about 24d. per Ib., 


*These refer to the assumptions given in Mr. Robertson’s note. 
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gas oil, diesel fuel or any other possible fuel which might 
be considered in the future. 

It must be admitted that all these criticisms result in the 
use of more complicated formulae, but since the relative 
superiority of any one of a number of projects will depend 
on comparatively smail effects, it is essential to examine 
all preliminary designs as closely as possible. 

For this purpose, and in view of the world-wide 
preponderance of airline costing based on the American 
Air Transport Association costing method, I favour use of 
formulae adapted and simplified from this method, which 
can also be seen to give reasonably rapid estimates of the 
operating costs. This method can also be rapidly adapted 
to include differences in importation tax, ground allow- 
ances, and so on, factors which have been found essential 
to take into account on some occasions. 

With factors varying with depreciation policy, number 
of engines, utilisation, number of crew, and so on, these 
formulae can be reduced to the form 


Cost per aircraft mile = 

Constant x Airframe Price + Constant x Engine price 
+ Constant x Airframe weight + Constant x Gross | 
weight + Constant x Fuel Price x Fuel Consumption 


+ Constant : 
+ Const 


Block Speed 

Thus to evaluate the cost per ton mile, or seat mile, only 

seven factors are required: 

Airframe Price Gross Weight 

Airframe Weight 
Block Speed 


Payload or passenger load 


Engine Price 


Fuel Consumption 


and the effects of changed fuel prices, relative engine prices, 
and so on, can be readily studied. 

Using this type of formula on preliminary design work, 
one will usually have available some outline of the engine 
envisaged, the gross weight, the probable airframe weight 
and the aircraft’s performance. The block speed and fuel 
consumption for any particular operation can be approxi- 
mately obtained from the first performance estimates made. 

Thus there is the question of price only to be resolved. 
It is unusual not to be able to obtain from other types of 
engine existing some estimates of the price likely to be 
charged for a “paper” engine, and similarly, airframe 
prices can be estimated with reasonable accuracy by stud) 
of machines actually produced by the company in question 
Where such knowledge is not available recourse can be 
made to formulae such as Mr. Robertson’s. 

It is felt that the process outlined here gives a method, 
which is naturally more detailed, of assessing the operating 
cost of a variety of different projects having different 
characteristics. It may be that this application is con- 
sidered beyond the purposes of the “ short cut ” formulae, 
but in my opinion it is these considerations which it } 
important to examine in the preliminary design stage. 
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1957 | TECHNICAL NOTES 
Extension of The Standard Atmosphere 
ANY MEMBERS of the Society, particularly those values have now been approved by nearly all the parti- 
) actively engaged in work on missiles, will have cipants listed above. A curve of Ty vs. H is shown in 
experienced difficulty in obtaining data on the properties Fig. 1. 
of the atmosphere at altitudes greater than that covered Extensive tables expanding the basic framework of 
might by the existing 1.C.A.O. Standard Atmosphere. _ Infor- Table I are currently under preparation at the Geophysics 
mation has recently been received from the United States Research Directorate and will follow closely the format 
inthe concerning an attempt to provide a standard for these of the I.C.A.O. Standard Atmosphere which appears as 
lative high altitudes which, in view of its general interest, is LC.A.O. Document 7488. N.A.C.A. T.N. 3182, and 
~pend reproduced in full. N.A.C.A. Report 1235; moreover additional information, 
imine important at higher altitudes, such as gravity ratio and 
., COMMITTEE ON EXTENSION TO THE STANDARD molecular weight will be included. Supplemental infor- 
-Wide 54 i Clete mation to describe the variability of the atmosphere and 
rican ATMOSPHERE other parameters will be issued later as appendices. 
ise of —_U.§. Weather Bureau and Geophysics Research Directorate Preliminary copies of these tables, in a form analogous 
which (A.F.C.R.C.), Co-sponsors to the N.A.C.A. T.N. 3182 should be available in limited 
f the quantities during 1957. It is planned to have the final 
apted = 4NNOUNCEMENT edition printed by the Government Printing Office and 
llow- mew extension to the 20 made available to the public through the Superintendent 
Atmosphere (the accepted U.S. standard) is being adopted 
“— by about 23 United States scientific and engineering P By virtue of the wide ee in this effort, these 
these organisations; this extension provides tables of atmospheric 23 organisations established a U.S. standard and are 
parameters up to 300 kilometers. Because of their great planning action through the Air Co-ordinating Committee 
need for such tables and because many have active high and I.C.A.O. to obtain international acceptance for the 
altitude research programs, these organisations met in lowest portion (20 to 32 kilometers) of the tables. In this 
November 1953 to seek agreement upon a single repre- regard, it should be noted that the 75 to 300 kilometer 
sentation of the atmosphere compatible with the best interval of the extension is termed “Speculative Atmos- 
available data. The United States Weather Bureau of phere,” since it is felt that new experimental data obtained 
the Department of Commerce and the Geophysics Research over the next five or ten years may lead to a better repre- 
Directorate, Air Force Cambridge Research Center of the sentation. The interval, 32 kilometers to 75 kilometers, 
-Cone Air Research and Development Command, co-sponsored 
this movement which included the following participants : 
Air Research and Development Command 400 800 1200 1600 
only *Air Technical Intelligence Center. | 
Air Weather Service T M, | 
Applied Physics Laboratory _ (wr) : 
Boston University (member transferred to Sylvania) ; 
M is mean molecular weight } 
Bureau of Aeronautics, U.S.N. ae £ M, is mean molecular weight z 
Civil Aeronautics Authority = sea level | 4 
CONVAIR, San Diego T= Ty | 
CONVAIR, Fort Worth | 
ICES, Geophysics Research Directorate (A.F.C.R.C.) $200}, 
Harvard College Observatory pa = | 
york, *International Civil Aviation Organization rc 2 1 
gine Jet Propulsion Laboratory 
eight National Bureau of Standards 5 
fuel Naval Proving Grounds | 
Naval Research Laboratory hie SPECULATIVE 
wade, Office of the Chief Signal Officer 8 3 | 
The Rand Corporation = 
‘ame Signal Corps Engineering Laboratory 75-- 73} 
tudy United States Weather Bureau 3 
tion White Sands Proving Grounds TENTATIVE 
1 be Wright Air Development Center ea 
A working group was appointed to study the problem. bps eae ooh 
hod, This group met several times since 1953 and recommended STANDARD 
ting the basic values and parameters shown in Table I. These 2 
con: MOLECULAR SCALE TEMPERATURE (Ty) INDEGREES KELVIN 
ilae, **Address: Geophysics Research Directorate, 415 Summer MOLECULAR SCALE TEMPERATURE VS GEOPOTENTIAL ALTITUDE 
it is Street, Boston 10, Mass. —— 


*Observer 


FIGURE 1. ‘ 
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TABLE | 
UNITED STATES EXTENSION TO THE STANDARD ATMOSPHERE 


H 
(m’) (mm) (°/m’) 
0:00 0-00 

—0:0065 

11,000-0 11,019 
0:0000 

*20,000-0 20,063 
00000 

25,000-°0 25,099 
0:0030 

*32,000°0 32,162 
0:0030 

47,000-0 47,350 
0:0000 

53,000-0 53,446 
—0-0039 

75,000-0 75,895 
0:0000 

90,000:0 91,294 
0:0035 

126,000-0 128,548 
0-0100 

175,000-0 179,954 
0-0058 

300,000-0 314,859 


1537°86 


no discontinuity in temperature-height curve 


** Approximate values subject to 


above 90 km. 


Z—Altitude in geometric meters 

H — Altitude in geopotential meters 

L—Temperature lapse rate in Kelvin degrees 
per geopotential meter 


has been termed “Tentative Atmosphere,” since more 
data may also lead to modification and also because 
any drastic change in the “ Speculative Atmosphere ” may 
require some change in the adjacent lower levels. The 
20 to 32 kilometer level is termed ‘ Standard,” since it is 
a good compromise between the voluminous radiosonde 
data of the meteorological services and tables already 
firmly entrenched in the development of engineering 
equipment. No changes are foreseen for this level. 
Geophysics Research Directorate scientists, R. A. 
Minzner and W. S. Ripley, are now preparing the com- 
pleted report. 
Harry WEXLER, U.S.W.B. 
NoRMAN SISSENWINE, G.R.D., A.F.C.R.C. 
Co-Chairmen. 
Committee on Extension to the Standard Atmosphere. 
NotTe.—Groups within the U.S. Air Force’s Air 


Research and Development Command or under contract 
to A.R.D.C. who have had occasion to use “ The A.R.D.C. 


minor revision depending 


MARCH 1957 
= 
(°K) (gr /mole) (mb) 
288-16 28-966 1:01325 x 103 
216°66 28-966 2°2632 x 10? 
216°66 28-966 5-4748 x 10! 
216°66 28-966 2°4886 x 10! 
23766 28-966 86776 x 10° 
282°66 28-966 1:2044 x 10° 
28266 28:°966 58320 x 10>! 
19686 28-966 2°4521 x 10-2 
196:°86 28-966 1°8154 x 10-3 
278 -88** 25°:02"* 1:4510 x 10-5 
686: 13** 24:45** 6°1895 x 10-7 
1024-67** [9:30** 1:4473 x 10-8 


*Top of current ICAO Standard and top of recommended extension for standardisation— 


upon recomputation of M 


T,, — Molecular-scale in degrees 
Kelvin 

T—Real Kinetic temperature in degrees Kelvin 

M-—Molecular weight in grams per mole 

P—Pressure in millibars 


temperature 


MODEL ATMOSPHERE, 1956,” will be pleased to note 
that A.R.D.C. tables are based upon and are consistent 
with the new U.S. extension to the I.C.A.O. Standard 
Atmosphere. 


HOSE MEMBERS who hold sets of the Society's Aero- 

dynamics Data Sheets will have observed that in the 
latest issue (Sept. 1956), there is a new sheet, 00.01.04, in 
which the properties of the atmosphere are tabulated at 
altitudes up to 250,000 ft. This Data Sheet is based on 
information similar to that used in the proposed USS. > 
extension to the I.C.A.O. standard atmosphere described 
above and the numerical values agree closely up to an 
altitude of 53 km. (174,000 ft.). At altitudes greater than 
this there are slight discrepancies due to differing assump- 
tions on the variation of temperature with altitude. These 
differences are insignificant for all practical purposes and 
it is not proposed to amend the Data Sheet at the present 
time. 
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Graduates’ and Students’ Section 


How Much Is Your Rise Worth? 
The following letter has been received :— 


HE following example may be of interest; it is probably 
representative of a large number of graduates. 


Consider a single person whose net salary is £13 p.w. (about 
£16 gross). If an annual rise of £1 p.w. is given the net increase 
is 13/5 (2/9th earned income allowance and taxed at 8/6 in the 
f) which is 5°15 per cent of the original net salary. 


Now the magazine “Business” for April 1955 says that the 
cost of living has risen by an average of 5:1 per cent 
compounded yearly since 1947. 


Therefore, unless anyone is prepared to argue that the pre- 
sent rise in the cost of living is less than this rate, it is seen 
that the net salary of our example has just accounted for the 
rise in cost of living and nothing more. 

Similarly it can be shown that to raise the standard of 
living by 5 per cent per year an annual rise of £2 p.w. is 
necessary. We may therefore conclude that in our example 
an annual rise greater than £1 p.w. represents an advancement: 
anything less than £1 p.w. is effectual demotion. 


NOTE : 
The general equation is: 


N ») 


where R=Gross Rise 
N=Net Salary 
T= Effective Highest Tax Rate 
C= Increase in Cost of Living 
S= Increase in Standard of Living 


R.A. (Grad.R.Ae.S.). 


Lotus Visit 


HE visit to the Lotus works at Hornsey went off very 

successfully on Tuesday 29th January. We were to have 
been shown round by Peter Ross, who is an active Graduate 
member of the Society and one of the Lotus designers. The 
party of over 30 would have been a “handful” for him, but at 
the last moment, Colin Chapman who combines the roles of 
Managing Director, Chief Designer and Leading Racing Driver 
of Team Lotus, was able to spare the time to come and he 
brought two more of his colleagues, Colin Bennett the Sales 
Manager and Michael Costin who supervises the preparation 
of the works’ racing cars (Team Lotus), as well as doing some 
design work. 


They were all very pleased to answer the many questions put 
to them on the how and why of their novel cars. We were able 
to see the partially completed chassis of the second Formula 2 
racing car, and the four 1500 c.c. sports cars being specially 
built for the Sebring, Florida 12 hours Endurance Race in 
March. All the cars being built at present are powered by the 
Coventry-Climax engine, which many people will recall as the 
engine originally designed to an M.O.S. specification for a 
lightweight portable fire pump. 


_The aeronautical background of the Lotus designers was in 
evidence in the detail design of the cars where all components 
are designed efficiently to save weight. The “space-frame” 
chassis of the sports car is welded up from mild steel tubing of 
round and square section. The 18-gauge aluminium floor is 
Chobert riveted to the chassis tubes, and a tunnel of 20 gauge 
aluminium enclosing the propeller shaft is riveted to the floor 
forming a box to provide additional torsional stiffness to the 
chassis where a cut-out is needed for the passengers. The 
aluminium bodywork, which is well known for its good stream- 
lining, is unstressed and the entire bonnet and front wings. 


complete, can be hinged forward and, if necessary, just lifted 
off to give easy accessibility to the engine and front of the 
car generally. 

The design philosophy has simplicity as its keynote, since 
if a thing is simple it can be designed efficiently to save weight. 
The simple and logical concept enables home constructors to 
assemble their Lotus quickly and easily without detailed 
instructions. Cars for customers in the United Kingdom are 
supplied in kit form to avoid liability to Purchase Tax, which 
would otherwise make the cars much more expensive. Very 
many cars are exported, and the Sales Manager said that they 
could sell at once in the U.S.A. as many cars as they made in 
the whole of 1956!—N.K.B. 


The photograph, showing a Lotus XI during assembly. 
illustrates how aircraft construction principles have been 
applied to this car. 


Visits 

NAPIER and Son, Ltd. A visit is planned for the after- 

- noon of Wednesday 20th March to Napier’s works at 
Acton. We have not had a visit to an engine firm before, so we 
hope many people will be able to come. Members are 
reminded that on the preceding evening we have a lecture from 
Napier’s Forward Projects Engineer, Dr. A. W. Morley on 
“Gas Turbines for Helicopters.” 


Bristol Aircraft, Ltd. We are planning an all day trip to 
Filton on Thursday 30th May, where we are assured of a most 
worthwhile visit. The party will travel on the 
“Bristolian” from Paddington in order to get there early, and 
cut-rate party fares should be obtainable, but even so, the 
return fare will be about 28/-. It would be appreciated if 
those interested would apply promptly, because our hosts 
want to know how many to expect. 

Applications for visits should be made to the Hon. Visits 
Secretary, Mr. N. K. Benson, 14 Wakering Road, Barking, 
Essex. 

It is not really a visits matter, but many will be glad to 
know that we shall definitely have another summer party this 
June. Details will be announced later—N.K.B. 
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Reviews 


AIRCRAFT HYDRAULICS. Vol. I—Hydraulic Systems 
Edited by H. G. Conway. Chapman and Hall, London, 1957. 
The first of a series of text books published under the authority 
of the Royal Aeronautical Society. 146 pp. Diagrams, tables, 
charts. 35s. 

This is the first of the series of the Royal Aeronautical 
Society text books, chiefly intended for undergraduates in 
aeronautical engineering or young engineers entering the 
industry. It has been eagerly awaited by the reviewer who, 
being one of the few people concerned with the formal 
teaching of this subject, has long deplored the absence of 
a text book which gives more than a survey of hydraulic 
mechanisms and “ gadgetry.” The book contains seven 
chapters, the work of five authors each of great experi- 
ence and ability in his own field. 

Chapter I, written by A. E. Bingham, gives an 
extremely thorough, yet concise, review of the properties 
of a large number of hydraulic fluids. The tables, graphs 
and general discussion on miscellaneous factors make it 
an extremely useful work of reference as well as a sound, 
logical, introductory chapter. 

Chapter II on Hydraulic Theory, and Chapter III, 
Performance Problems of Pipes and Comnonents, are both 
written by E. G. Collinson, who successfully deals with 
the total theoretical content of the book. The treatment is 
simple and direct, so that the reader with but little 
mathematical ability can achieve complete appreciation. 
Equations of fluid flow are developed for orifices, pipes, 
enlargements and contractions. A number of typical 
performance problems concerning actuators, pumps and 
accumulators are clearly analysed. The usefulness of these 
chapters is again enhanced by a number of reference charts, 
nomograms and tables. 

Chapter IV, by S. M. Parker, deals with Hydraulic 
Systems in a very general, descriptive way. It makes easy 
reading and, perhaps because of this, it contains more 
useful information than appears at first sight. As a 
chapter in a text book it is slightly marred by an early 
impression one gets of an attempt to “sell” hydraulics as 
against other media for actuating systems. 

The editor, H. G. Conway, writes on Hydraulic Circuits 
in Chapter V. It is clearly and profusely illustrated with 
diagrams. The initial approach is a logical one, starting 
from elementary circuits and building up to more complex 
ones. Unfortunately there is a tendency in the later stages 
to increase the pace of this build-up, giving one the feeling 
of stepping from the reservoir into the pump! Since this 
tendency is not so evident in Mr. Conway’s previous books 
it suggests that he should have persuaded the editor to 
allot him more space! 

Chapters VI and VII, dealing respectively with Instal- 
lation and Testing of Hydraulic Systems, by A. Black, 
seem a little out of place in this book. The title of the 
first of the chapters is rather misleading since it deals 
almost entirely with servicing and maintenance points. 
The second chapter mainly refers to specific tests and 
operating problems encountered by the author's firm. It 
seems difficult to justify the use of a test rig to prove that 
a jack should not be designed without any allowance for 
retraction pivot friction! These two chapters are more 
likely to be of use to the young technician rather than the 
young technologist. 


The book, as a whole, is a very welcome addition to 
the few already existing, and even the experienced 
engineer might find it worth purchasing for the reference 
value of the first three chapters. There are, of course, 
important omissions in the subject matter, but the subject 
is a large one and the volume is small. It is hoped that 


~ 


the second volume will rectify the omissions, particularly ! 


the theoretical considerations of hydraulic shock, pressure 
surge and dynamic behaviour of components. The co- 
ordination of the work of several authors is not an easy 
task, and while the first few chapters show a unity of 
approach and presentation, this is lacking in the latter ones 
where there is some duplication. Since the Society cannot 
allow the reviewer to retain this book, it should be a 


sufficient recommendation that he intends to purchase a 


copy !—c. K. TROTMAN. 


DEFECTS AND FAILURES OF METALS.  E. P. Polushkin, 
Elsevier Publishing Company, London, 1956. 399 pp, 
Illustrated. 72s. 

It may be said at once that this book is unlikely to 
prove of much interest to those concerned with making 
either airframes or aero-engines. Such readers have long 
recognised that all materials produced industrially are 
inevitably defective in some measure and they would 
naturally welcome any publication that illuminated afresh 
the two problems of reducing to the practicable minimum 
the number and dimensions of such defects and of prevent- 
ing the remaining few from producing disastrous effects. 
Unfortunately, Mr. Polushkin’s book serves neither of these 
ends. It certainly provides a bulk of data related to some 
types of defect, and on some behaviours of metals that 
the author regards as failures, but the two topics are related 
to each other scarcely at all. It would be surprising if 
any way of removing a single one of the difficulties current 
in modern aeronautics should be inspired by this publi- 
cation. 


without merit. On the contrary, it could be studied with 
great profit by metallurgists in training because it would 
bring to their attention many problems they are bound to 
encounter during their subsequent professional careers. 
From the chapter headings it may be gathered that the 
author considers segregation, blow-holes and porosity, pipe. 
flakes, scaling, and impurities to be typical defects; the 
phenomena that he classifies as failures include fatigue, 
residual stresses, embrittlement, wear, and corrosion. Each 
of these topics is introduced in an elementary fashion, the 
introductions being illustrated by a considerable number 
of most excellent photographs splendidly reproduced. 
Every chapter carries a copious bibliography: all are 
lengthy, that, for example, attached to the chapter on 
embrittlement running to no less than 352 items. The 
bibliographies are more notable for inclusion — than 
selection; some valuable references are missing though 
many of scant relevance are included. The remaindef 
of each chapter is made up of the author’s slight com- 
mentary. It is jejune and few of the comments are likel) 
to be remarkably helpful. Too many of them are merel) 
snippets culled from some or other item in the list of 
references, while others serve only to draw attention to 
a particular illustration. 


Saying this is not to imply that the book is wholly 
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Such a treatment is all very well for those needing a 
imple guide to the published literature. To them this 
hook may be recommended, for the author has gone a 
long way towards justifying his claim “ to give a condensed 
review Of all available sources of information on each 
subject of metal failures.” But those readers who would 
appreciate a balanced digest of the data and could benefit 
fom a constructive statement of the present knowledge 
on the topics chosen for the title of this book will look 
in vain for either. Fortunately, these tasks have been 
undertaken and fulfilled by some other writers, and by 
the professional institutes, which makes Mr. Polushkin’s 
other claim—that most of what he writes will not be found 
in the text books—appear to be, at the least, somewhat 
curious. —LESLIE AITCHISON. 


INTERNATIONAL CIVIL AVIATION ORGANISATION. 
Captain Jacob Schenkman. Librairie E. Droz, Paris, 1955. 
412 pp. 75s. 

This is, without doubt, the most comprehensive treatise 
on the work and organisation of I.C.A.O. yet published. 
An attempt to deal comprehensively with every aspect of 
.C.A.O.’s activities over the past twelve years would defeat 
its purpose. The author has elected to deal with the 
subject as an exercise in international politics—to weigh 
the progress towards international co-operation against the 
influence of national interest. It may be said at once that, 
while we all share the feeling in some degree, the author 
exhibits a fervent zeal for the ideal of international co- 
operation which national representatives engaged in the 
daily work would find it difficult to maintain. 

Captain Schenkman, a Doctor of political science, was 
well qualified for the task, by his knowledge and study of 
international organisations and international relationships 
and his association with the Graduate Institute of Inter- 
national Studies at Geneva. The view of I.C.A.O. from 
outside is valuable, so long as one remembers that the 
detached view of the political scientist is a little more rosy 
than the detached view of those engaged practically in 
aviation—which is sometimes apt to be a bit jaundiced. 

The work is divided into three parts, well suited to 
the development of the analysis: first, the political history 
of international civil aviation, constituting the background: 
second, the structure and machinery of I.C.A.O., its organs, 
committees and staff, and their political significance; third, 
an account of the major problems—political, economic, 
legal and technical—handled by I.C.A.O., with an evalu- 
ation of the results achieved. 

The political significance of I.C.A.O.’s work is mainly, 
but not wholly, reflected in its activities other than tech- 
nical. The author finds political significance in technical 
assistance for under-developed countries, but otherwise 
gives summary treatment to what has always been acknow- 
ledged to be the major accomplishment of LC.A.O. Any- 
one who wants to read, for example, of the contribution of 
LC.A.O. to the development of air traffic control in 
congested areas, of its contribution to the unification of 
airworthiness systems and the progress of design of aircraft 
or the standardisation of operational systems must look 
elsewhere. This is as it should be; the book would other- 
Wise have missed its purpose. 

The starting point for the author’s survey of the back- 
ground to I.C.A.O. is the signing of the Paris Convention 
in 1919, and it ends with the conclusion of the Chicago 
Conference in 1944. This is rational, but it should not 
be overlooked that there were far-seeing minds at work 
in the first decade of this century, and some of the future 
Course of events was settled at the abortive Paris 


Conference of 1910. The author appears to endorse other 
opinions that the recognition of complete and exclusive 
sovereignty over the air space was a disservice to the 
development of aviation and placed regular international 
air transport at the mercy of national policies. The fact 
is that the Paris Convention and its successors could but 
recognise what was incontrovertibly established in the 
course of the First World War. The evil is not the 
existence of sovereign rights but the way in which they 
are exercised. The test of a nation is its ability to use its 
sovereignty with reasonable regard for the interests of 
others, its readiness to derogate from its sovereign powers, 
by agreement, and its ability and will to keep such an 
agreement when made. The author recognises this when, 
later, he deals at length with the refusal of Egypt to accord 
any of the rights of the Chicago Convention to Israeli 
aircraft or, indeed, to any aircraft which have anything 
to do with Israel. 

While not endorsing the high claims for the achieve- 
ments of Chicago, made by the President of the Conference, 
the author does identify himself with the widely held view 
that the inter-war period was a period of comparative 
anarchy, when every right to operate international air 
services had to be won by hard bargaining and secret 
bilateral agreements. By inference, that has been changed. 
It has been changed—by the undertaking of I.C.A.O. 
contracting States to register aviation agreements with the 
Organisation; but, except for the Transit Agreement, now 
binding two-thirds of I.C.A.O. States, operating rights for 
scheduled air services have still to be secured by bilateral 
agreement, and the current bargaining over routes and 
traffic stops is just as hard as the bargaining over somewhat 
less relevant issues before the war. The author recognises 
what is not too often realised, that the Chicago Convention 
is more restrictive as to operating rights than was the 
Paris Convention. The reason why there is more inter- 
national air transport is not to be sought in the Chicago 
Convention, but in the technical advance of aircraft and 
aircraft operating technique and in the consequent world- 
wide demand for air transport, which will not be denied. 

The author considers that the participation of the Soviet 
Union was essential to the Chicago Conference, and 
“there could have been little doubt as to its effectiveness 
and results with her participation.” As to the first, all 
States concerned did their utmost to make it possible for 
the Soviet Union to participate at the Conference or later. 
As to the second, there is doubt. The Soviet official excuse 
is quoted—that they could not attend a conference with 
Fascist States like Spain, Portugal and Switzerland. In 
fact, there would have been little point in Russia attending 
a conference, the avowed purpose of which was the 
exchange of rights of air operation. Neither before nor 
since the war has Russia been prepared to concede any 
general right of flight over her territory—not even the 
attenuated rights embodied in Article 5. The Soviet Union 
was prepared to grant rights to fly into “ contiguous ” 
territories only. The shadow of things to come—the Iron 
Curtain and the satellite countries! 

Part II of the book, extending over 140 of its 410 pages, 
gives a very full description of the machinery of I.C.A.O. 

-the constitution, functions, powers and methods of work 
of the Assembly, the Council, their sundry subordinate 
bodies and the Secretariat. This will make dull reading 
for the general reader, but it is meat and drink for the 
student of international relationships, and, of course, is 
not without its influence on the product. Were it not so, 
there would be still less justification for the amount of 
time devoted to the debate of such matters. The author 
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traces the peculiarities of the Organisation, compared with 
other international organisations, and points his conclusions 
as to their merits and demerits. 


In the third Part, high in the scale of successful co- 
operative endeavour, is rated I.C.A.O.’s part in the United 
Nations Expanded Programme of Technical Assistance to 
under-developed territories and the I.C.A.O. “ Joint Sup- 
port ” programme (international financing of air navigation 
services). I.C.A.O.’s work in the Technical Assistance 
field has won high commendation. International financing, 
administered in pursuance of a far-seeing chapter of the 
Convention evolved at Chicago, has provided vital parts 
of the meteorological and communications services (includ- 
ing Ocean Weather Stations) on which the safety and 
regularity of air navigation over the North Atlantic 
depends. It might have been noted more pointedly that 
the programme has stopped short at the Atlantic, and that 
States have been reluctant to pledge support for other 
projects. The new demands of the jet transports will be a 
testing point. 

A full account is given of the prolonged and repeated 
attempts to achieve multilateral agreement on the exchange 
of commercial rights in international air transport—an 
old story to many. The author, like many others, considers 
multilateral agreement to be still the objective. It is diffi- 
cult, in this field, to see virtue in multilateralism per se. 
While different parties seek almost diametrically opposite 
ends, the faith proclaimed by all in multilateral agreement 
does not advance a solution. 

For the rest, suffice it to say that here is a very com- 
prehensive and competent study of that aspect of the 
regulation of international civil aviation which the author 
took as his task, including, for example, * Facilitation ” 
(simplification of frontier formalities); the economics of 
airports and air navigation services; taxation of inter- 
national air transport; and private air law conventions. 

There is room for still more critical analysis, which 
might reveal less international co-operation than appears 
on the surface and more of the interaction of national 
interests which lies below—even in the technical field. 
The identification of a characteristic is the first step towards 
its modification. While the author concludes that “the 
Chicago Convention ought to be amended to permit 
constitutional improvements,” he deals summarily only 
with the long fought struggle on this issue—whether and 
how the Convention should be amended. Amendment has 
been resisted in principle by some States. Stability may 
have virtue, but an international organisation must be a 
living organism—as I.C.A.N. was. All the political wisdom 
of the aviation world was not distilled in seven crowded 
weeks at Chicago twelve years ago. 

It is good to see credit given where it is due, and such 
high tribute paid to the President of the Council, Dr. 
Edward Warner, for his untiring and inspired leadership. 
Few international organisations can have been so fortunate 
as to be set on the way under such guidance.—F. TYMMS. 
ESCAPE FROM GERMANY. Collins, 
London. 318 pp. 16s. 


Aidan Crawley spent four years of the last war as a 
German prisoner of war. Like many others, he regarded 
it as his duty to try to escape. Trained men were valuable 
and could, if the escape succeeded, return to active service. 
Even the knowledge that escape preparations were in hand 
led to the strengthening of the guard by the Germans, and 
the use of the enemy’s resources in this way helped the 
Allies. Even more important, perhaps, was the morale- 


Aidan Crawley. 
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boosting effect on the prisoners of the co-operative work 
involved in planning escapes. 

Many detailed accounts of escape attempts have been 
written, and even filmed, but the extent of the organisation 


is revealed only by a survey such as Mr. Crawley eld 


written. His account deals with escapes from R.A.F. camps 
only, although officers from other services are sometimes } 
involved. So famous are some of the escapes—such as 
that of seventy-six from the tunnel at Stalag Luft III, of | 
whom 50 were murdered by the Germans—that one is apt | 
to overlook the large number of separate efforts. There 
were, for example, more than 100 tunnels dug, all of which | 
demanded hard, lengthy and careful work by large groups, 

This book is a history of R.A.F. escapes and inevitably 
each episode is so brief that the excitement of the full. 
length book about a single escape is lost. Many readers. 
too, will have already read some of the fuller accounts so 
that the history lacks novelty. The latter part of Mr. 
Crawley’s story is, however, new to the reviewer. This 
describes the adventures of the prisoners in the last days 
of the war, when the German supervision almost dis- 
appeared and whole camps moved to avoid falling into the 
hands of the Russians. The excitement and hardships of 
those days must have been hard to bear when home seemed 
so very close.—A. H. YATES. 


’ 


TEST FLIGHT. Wing Cdr. H. P. Powell. 
London, 1956. 200 pp. Illustrated. 15s. net. 

The R.A.F. taught “Sandy” Powell to fly in 1936 
In 1942 he passed from C.F.S. to the Aerop!ane and 
Armament Experimental Establishment at Boscombe Down 
as a Flying Officer; later became Deputy Commandant of 
the Empire Test Pilots’ School; afterwards was chief test 
pilot to A.S.T., Percival Aircraft, and Dunlop. Tesr Flight 
embodies the sum of this knowledge in semi-* popular” 
style. The first 12 chapters, an informative sequence, cover 
all aspects of modern test pilotage—prototype. develop- 
ment, production, equipment, engine, and pure research- 
and mirror the still developing art, craft, and science of 
flight-testing all classes of aeroplanes and types of engines 
Basic formulae, worked out over 30 years ago, still apply 
Inter-relationship between the pilots of the industry (whom, 
Powell thinks are underpaid) and those of the M.oS. is 
well stated. 

Had Powell stopped at Chapter 12 one must have 
praised his book without qualification. But six more 
chapters pad a 126 page booklet into a 200 page book. 
and almost one-quarter of their contents consists in 
parenthetical quotations from three other authors. Also 
serious errors occur in these chapters. Barnes Wallis’ 
surname appears as Wallace. The German V.2 bombard: 
ment rocket’s performance is given as range nearly 50 
miles, height 250 miles, speed 6,000 m.p.h.: the correct 
figures are 200/250, 60, and 3,600. 


Powell’s antecedent air history is longitudinally unstable 
He says the R.A.E. came to Farnborough in 1905. That 
was the year it settled in its present site; but it was estab- 
lished at South Farnborough in 1894, after leaving Wool: 
wich and Aldershot. He suggests it became the R.AE 
in 1916, but not until the Royal Air Force was formed i 
1918 was “Factory” changed to “Establishment” to 
prevent confusion over initials. 

He quotes Lindemann (now Lord Cherwell) that after 
the Aeronautical Research Committee in 1918 published 
a paper on spinning by Glauert and Lindemann “ pilots 
were taught to push the stick forward (instead 0 
instinctively pulling it back) and to straighten out the 
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udder” to recover from a spin. 
aught this in 1917. 

We read on page 166 “the most famous and most 
secessful of all our war-time fighters—the S.E.5” and on 
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On Fairey Aviation history: the Flycatcher was not 
developed at Heath Row, but at Northolt. The first Long- 
Range Monoplane appeared in 1928, nor 1929. Gayford 
and Nicholetts took off from Cranwell, not Cornwall, on 
their record flight to‘Walvis Bay. Richard Fairey lost 
both feet, not both legs, during World War Two. The 
Fox, the late Dick Fairey’s greatest contribution to world 
aircraft, is not mentioned. 

It was the late Viscount Rothermere who ordered, paid 
for, and named the Bristol 142 monoplane which sired 
“Britain’s First,” and gave it free to the Air Council when 
the S. of S. asked for it on loan to be evaluated at A. and 
AE.E. at Martlesham Heath. : 

One cannot excuse these errors. All could have been 
prevented by devoting a small amount of time to checking 
facts and proofs. No librarian should issue this book 
without making these corrections in paginal margins. If 
appreciated worth of the first 12 chapters carries the book 
to a second edition, the author should revise the last six 
chapters, and also add an index. —-NORMAN MACMILLAN. 


PHYSICS OF NUCLEAR REACTORS. 
Applied Physics Supplement No. 5. 
London, 1956. I11 pp. 25s. 

The papers published in this supplement, with the 
discussions on them, comprise the proceedings of a 
Conference arranged by The Institute of Physics in colla- 
boration with the British Nuclear Energy Conference and 
held in London from 3rd to 6th July 1956. 

The purpose of the Conference was to keep members 
of the Institute and its sister Institutions abreast of scientific 
developments in nuclear reactors and to call their attention 
to the problems needing solution. The Conference was 
particularly intended for industrial and government physi- 
cists, working or likely to work directly or indirectly with 
reactors, and for lectures and other teachers. This record 
of the Conference lays emphasis on the physics of a subject 
which is of current interest to aeronautical engineers. 


British Journal of 


Institute of Physics, 


AVIATION CARTOGRAPHY. Walter W. Ristow. 
by the Library of Congress, Washington. 114 pp. 

The sub-title of this book “ A Historic—Bibliographic 
Study of Aeronautical Charts” adequately explains its 
content and the publisher's name is guarantee of its 
accuracy and excellence. It is surprising to learn that air 
maps are slightly o/der in origin than powered flight. 

The chapters of the book deal with the history of the 
subject from its conception in 1888 up to “Charts for 
Electronic and Jet Navigation 1949-56” and the final 
paragraphs hint at the coming satellite requirements. 

An exhaustive bibliography covers 72 pages. This, 
perhaps, would have been better in chronological rather 
than author-alphabetical order. 

UNARMED INTO BATTLE. The Story of the Air Observa- 
tion Post. H. J. Parham and E. M. G. Belfield. Warren and 
Son, Winchester. 168 pp. Illustrated. 25s. 

An Air Observation Post is a light aeroplane flown by 
Royal Artillery pilots for the observation of fire, and this 
is, in a sense, the “regimental history” of the Air O.P. 
squadrons in the Second World War. Published for the 
Air O.P. Officers’ Association, it tells the story of the part 
played by the squadrons in the campaigns in N. Africa, 
Sicily, Italy, Normandy and Burma. 


Published 
85 cents. 
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Additions to the Library 


Bass, J. COURS DE MATHEMATIQUES. Masson, Paris. 1956. 

Carroll, J-M. MECHANICAL DESIGN FOR ELECTRONICS 
PropucTION. McGraw-Hill. 1956. 

*Cescotti, R. GLOSSARY OF AERONAUTICAL DEFINITIONS 
ENGLISH-GERMAN, (GERMAN-ENGLISH. Hanns Reich, 
Munich. 1956. 

Fitzwilliams, O. L. L. VisraATION PROBLEMS ASSOCIATED 
WITH THE HELIcopTerR. Helicopter Assoc. of Great 
Britain. 1957. 

Freudenthal, A. M. (Editor). FATIGUE 
StrucTuRES. Academic Books. 1956. 
General Electric (U.S.). AIRCRAFT PROPULSION DATA 

Book. G.E.C. 1956. 

Gordon, S. A. THE SELECTION OF MATERIALS FOR HIGH 

TEMPERATURE APPLICATIONS IN AIRFRAMES. T.M.L. 


IN AIRCRAFT 


Report 13. Battelle. 1955. 

Green, W. FAMOUS FIGHTERS OF THE SECOND WorRLD 
War. Macdonald. 1956. 

H.M.S.O. CopyriGHt Act, 1956. H.M.S.O. 1956. 

Hammond, R. ENGINEERING STRUCTURAL FAILURES. 
Odhams. 1956. 

Institute of the Aeronautical Sciences. YOUNG MEN IN 
AERONAUTICS (A 20-year progress report of the 
Lawrence B. Sperry Award). I.A.S. 1957. 


*Kelly’s Directories Ltd. Post OFFicE LONDON DIRECTORY. 
1957. 


Lass, H. ELEMENTS OF PURE AND APPLIED MATHEMATICS. 
McGraw-Hill. 1957. 
Mansfield, H. Viston—-A SAGA OF THE SKy (HISTORY 


OF BOEING). Duell, Sloan and Pearce. 1956. 

Mayhew, Y. R. and Rogers, G. F. C. THERMODYNAMIC 
PROPERTIES OF FLUIDS AND OTHER DATA: BRITISH 
THERMAL UNITS. 2nd edition. Blackwel!. 1957. 

Merrill, G. et al. OPERATIONS RESEARCH, ARMAMENT, 
LAUNCHING (GUIDED MISSILE DESIGN, VOL. III). van 
Nostrand. 1956. 

Meteorological Office. WEATHER Map: AN INTRODUCTION 
TO WEATHER FORECASTING. 4th edition. H.M.S.O. 1956. 

Neal, B. G. THE PLastTic METHODS OF STRUCTURAL 
ANALYSIS. Chapman and Hall. 1956. 

Nichols, M. H. and Rauch, L. L. Rapbio TELEMETRY. 


2nd edition. Wiley. 1956. 

Niven, I. IRRATIONAL NUMBERS. Math. s.ssoc. of 
America. 1956. 

Oswatitsch, K. Gas Dynamics. Academic Pre 1956. 

*Science Museum. HANDLIST OF SHORT TITLES ( CURRENT 
PERIODICALS IN THE SCIENCE LIBRARY .h edition. 
H.M.S.O. 1956. 

Shih-I. Pai. Viscous FLow THEorRY. I—LAMINAR FLow. 
van Nostrand. 1956. 


Smyth, H. D. THE DEVELOPMENT OF NUCLEAR POWER 
FOR PEACEFUL PURPOSES (Publication 4234). Smith- 
sonian Inst. 1956. 

Templewood, Viscount. EMPIRE OF THE AIR: THE ADVENT 


OF THE AIR AGE, 1922-1929. Collins. 1957. 

U.S. National Academy of Sciences. THE BIOLOGICAL 
EFFectTs OF ATOMIC RADIATION. National Research 
Council. 1956. 


Research. TRANSACTIONS OF THE 
DIFFERENTIAL EQUATIONS. 


U.S. Office of Naval 
SYMPOSIUM PARTIAL 
Interscience. 1956. 

van de Hulst, H. C. and Burgers, J. M. Gas DyNaAMics 
oF Cosmic CLoups. North-Holland. 1955. 

Volkersz, V. THE SKy AND I. W. H. Allen. 1956. 

Walters, E. W. Heroic AIRMEN AND THEIR EXPLOITS. 
C. H. Kelly. 1917. 

Whiteside, T. C. D. PROBLEMS OF VISION IN FLIGHT AT 
HIGH ALTITUDE. AGARDOGRAPH 13. Butterworth. 1957. 


* Items marked thus are for reference use only. 
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Effects of leading-edge separations on thin wings in 
two-dimensional incompressible flow. L. F. Crabtree. 
The stability of thin-walled unstiffened circular 
cylinders under axial compression including the 
effects of internal pressure. L. A. Harris et al. 
New methods in heat flow analysis with application 
to flight structures. M. A. Biot. 

Bending and buckling of clamped sandwich plates. 
G. A. Thurston. 

Non-linear deflections of shallow spherical shells. 
E. L. Reiss et al. 

Favorable interference in lifting systems in supersonic 
flow. A. Ferri et al. 

Inviscid hypersonic flow past blunt bodies. 
Maslen and W. E. Moeckel. 

The application of rocket sled techniques to flutter 
testing. W. R. Laidlaw and V. L. Beals. 
Powerplants for VTOL aircraft. P. G. Kappus. 
Common system standards. H. K. Morgan. 
Antenna system problems with high speed aircraft. 
F. W. Bushman. 

Airspace use for air traffic control and air defense. 
D. D. Thomas. 

Common or uncommon systems: air traffic control 
and air defense. D. R. Israel and H. Sherman. 
Aero medical investigation of aircraft accidents. 
H. G. Moseley. 

The role of the pathologist in aircraft 
investigations. F. M. Townsend ef al. 
The flight surgeon and aircraft accidents. 
Wilbur. 

Technical bases for safer aircraft. A. L. Morse. 
An aerodynamic screen for jet engines. H. Klein. 
The prediction of non-linear pitching and yawing 
motion of symmetric missiles. C. H. Murphy. 

The effects of flexibility on the longitudinal dynamic 
response of the B-47 airplane. H. A. Cole et al. 
Component developments influencing aviation 
electronics. L. Davis and L. G. Rubin. 

Threshold contact height, a slant visibility indication. 
C. G. Knudsen and W. E. Eggert. 

Doppler navigation. W. J. Tull. 

Reliability requirements for helicopter flight controls. 
H. Hecht and L. Kaufman. 

Understanding and interpreting pilot opinion. 
Cooper. 

The response of a bisymmetric aircraft to small 
combined pitch, yaw, and roll control actions. R. A. 
Davis. 

Non-linear oscillations of an all-movable stabilizer at 
supersonic speeds. A. S. Richardson. 

On the simulation of random excitations for airplane 
response investigations on analog computers.  B. 
Mazelsky and H. B. Amey. 

The encounter of an airfoil with a moving gust field. 
N. P. Hobbs. 

Vortex interference effects on the aerodynamics of 
slender airplanes and missiles. A. H. Sacks. 
Structural and impact loads for the flexible airplane 
during water landings. E. Widmayer. 

Take-off and landing distance and power require- 
ments of propeller-driven STOL airplanes. R. E. 
Kuhn. 

Cross coupling dynamics and the problems of auto- 
matic control in rapid rolls. J. D. Welch and R. E. 
Wilson. 

Rotating stall in axial flow compressors. 
and R. Siestrunck. 
Differential delta three. 


S. H. 


accident 


J. Fabri 


A method for improving the 


longitudinal stability of the tandem helicopter. A. C. 
Adler. 
Correlation of helicopter performance equations. 


A. Sikorsky. 
Operational need and use for self-contained navi- 
gation systems. R. W. West. 
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The airline pilot’s concept of transport performance 
requirements. L. H. Mouden. 

General design requirements for crashworthiness and 
delethalization of passenger transport aircraft. A. H, 
Hasbrook. 

Inertial guidance. W. Wrigley er al. 

Recent developments in the method of the rheoelectric 
analogy applied to aerodynamics. L. C. Malavard. 
Experimental investigation of the rotating stall in a 
single stage axial compressor. J. Valensi. 
Developments in cooling systems for helicopter power 
plants. H. A. Wahl. 

A rapid performance prediction method for com. 
pound type rotorcraft. R. D. Foster. 

The jet wing. J. S. Attinello. 

An investigation of the handling qualities of tandem 
helicopters. D. F. Gebhard and L. Goland. 
Investigation of helicopter blade flutter and load 
amplification problems. H. Daughaday er al. 
Flutter model testing at transonic speeds. .W. P, 
Targoff and R. P. White. 


The challenge to America’s leadership in technology, : 


E. H. Wynn. 
By-pass engine for transport aircraft. 
and L. G. Dawson. 

Some effects of transients in inlet pressure and 
temperature on turbo-jet engines. D.S. Gabriel et al. 
Effect of dynamic characteristics of rocket com- 
ponents on rocket control. J. C. Sanders er al. 
The bio-mechanical analyses of 
aircraft accidents as a factor in improving safety, 
A. H. Hasbrook. 

The Magnus force on spinning cylinders. 
Aken and H. R. Kelly. 

Flutter of rectangular simply supported panels at 
high supersonic speeds. J. M. Hedgepeth. 
Unsteady-lift functions for penetration of traveling 
gusts and oblique blast waves. F. W. Diederich and 
J. A. Drischler. 

The jet-augmented flap. 


A. C. Lovesey 


R. W. van 


J. G. Lowry et al. 


The failure of box beams under bending and rapid 
heating. J. W. Mar. 

Theoretical and experimental study of airplane 
dynamics in large-disturbance maneuvers. D. W. 


Rhoads and J. M. Schuler. 
Liquid rocket propellants 
J. F. Tormey. 

Modern’ developments in solid propellant 
engineering. R. D. Geckler and R. E. Davis. 

A method for extrapolating ground-based radar data 
on rain echoes to areas of arbitrary size. I. Katz. 
Tools for management. (A symposium.) A. A. Fejer 
et al. 

Air force air traffic control. S. A. Mundell. 
Airplane design implications of the inertia coupling 
problem. R. R. Heppe and L. Celniker. 
Evaluation of VTOL systems suitable for transport 
aircraft. W. Z. Stepniewski and J. Mallen. 

Effects of compressibility at low Reynolds numbers. 
Sir G. I. Taylor. 


is there an energy limit? 


Current status of the U.S. earth satellite program 
for the International Geophysical Year. R. W 
Porter. 


Some aeroelastic problems of tilt-wing VTOL aircraft. | 


R. G. Loewy and R. T. Yntema. 

Relaxation phenomena in hypersonic aerodynamics. 
J. G. Logan. 

Problems of stability and control for VTOL aircraft. 
J. A. O'Malley. 


LOAN LIBRARY POSTAGE 
In view of the increased costs of postage, it has been 


decided to waive, for a trial period at least, the Loan 
Library rule which requires books to be returned by 
registered post. 
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Reports 


AERODYNAMICS 
BOUNDARY LAYER 


Boundary layer measurements on 10° and 20° cones at M=2:°45 
and zero heat transfer. F. V. Davies and J. R. Cooke. C.P. 264. 
(November 1954).—(1.1.1.4 x 1.1.3.4). 


The effects of convex: surface curvature on boundary layer 

separation in supersonic flow, G. E. Gadd. C.P. 289. (November 

1955). 
The effects of convex surface curvature on boundary layer 
separation in supersonic flow have been investigated 
experimentally and theoretically. The radius of curvature 
used in the experiments was about 3 times the distance 
from the leading edge of the surface on which the boundary 
layer was formed to the separation point.—{1.1.4.4). 


Some observations on maximum pressure rise across shocks 
without’ boundary-layer separation on airfoils at  transonic 
speeds, W.F. Lindsey and P. J. Johnston, N.A.C.A. T.N. 3820. 
(November 1956). 
An investigation of the flow along flat plates having rounded 
leading edges has provided additional information on shock- 
induced separation. The results are compared with data 
from two-dimensional aerofoil investigations.—(1.1.4.3). 


Analysis of particle motions for a class of three-dimensional 

incompressible laminar boundary layers. A. G. Hansen and 

H. Z. Herzig. N.A.C.A. T.N. 3840.—(November 1956). 
An analysis is presented for the positions of particles at 
various time intervals in a three-dimensional incompressible 
laminar boundary layer on a flat surface for main flows 
consisting of streamline translates having constant axial 
velocity. Tables are presented to facilitate rapid computa- 
tion of the residence time of boundary layer particles for 
a given flow configuration.—(1.1.1.1). 


COMPRESSIBLE FLOW 

Base pressures in supersonic flow. G.E. Gadd et al. C.P. 271. 

1956.—(1.2.3). 

On supersonic flow behind a curved shock. R. E. Meyer. A.R.L. 

Report A. 98. (August 1956). 
When a sharp-edged cylindrical body is immersed in a 
uniform supersonic stream, a curved oblique shock wave is 
attached to the leading edge, provided the body is not too 
thick. A solution for the flow of an inviscid perfect gas 
is presented which accounts for the vorticity and entropy 
gradients to a first approximation.—(1.2.3.2). 

On the drag of slender bodies at sonic speed. §. B. Berndt. 

F.A.A. Report 70. (1956). 
According to Oswatitsch and others slender bodies having the 
same distribution of cross-sectional area are equivalent in 
the sense that the flow fields at transonic speed differ only 
in the immediate neighbourhood of the bodies, where 
linearised theory can be used to calculate the difference. 
These facts are used to investigate how the difference in 
non-viscous drag depends upon the difference in cross- 
sectional shape of equivalent bodies.—(1.2.2.1). 


On boattail bodies of revolution having minimum wave drag. 

K. C. Harder and C. Rennemann, N.A.C.A. Report 1271. 

(1956). 
It was found that minimum solutions for Ward’s slender 
body drag equation can exist only for the restricted class 
of bodies for which the rate of chi inge of cross-sectional 
area at the base is zero. To eliminate this restriction, 
certain higher order terms must be retained in the drag 
equation and isoperimetric relations.—(1.2.3.1). 


On slender-body theory and the area rule at transonic speeds. 
Harder and E. B, Klunker. N.A.C.A. T.N. 3815 
(November 1956). 
The basic ideas of the slender body approximation have 
been applied to the non-linear transonic flow equation 


for the velocity potential in order to obtain some of the 
essential features of slender body theory at transonic speeds. 
The results of ‘the investigation are presented from a unified 
point of view which demonstrates the similarity of slender 
body solutions in the various Mach number ranges. The 
transonic area rule some. conditions its 


Particular solutions for flows at Mach number |. M. A. Heaslet 

and F. B. Fuller. N.A.C.A. T.N. 3868. (November 1956). 
Two families of exact solutions, representing either pure 
subsonic or supersonic flow, are found for the small 
disturbance potential equation at unit stream Mach number. 
Solutions are given for both two-dimensional and rotation- 
ally symmetric cases. The plane supersonic solution is 
closely related to Prandtl-Meyer expansion. In either case 
it is possible to join the supersonic solution to the subsonic; 
the transition is made through the mechanism of a shock 
wave.—(1.2.2.1). 


CONTROL SURFACES—See STABILITY AND CONTROL 


INTERNAL FLOW 


A preliminary report on the design and performance of ducted 

windmills. M. Lilley and W. J. Rainbird. CoA. Repor\ 

102. (April 1956). 
A preliminary study is made of the theoretical gain in power 
output obtained with a fully ducted land-type windmill as 
compared with the standard unshrouded type windmill. 
The design of the internal and external ducting is discussed 
together with its effects on the overall performance of the 
windmill. The differences in the aerodynamic design of 
the blades for the ducted and unshrouded windmills are 
considered and attention is drawn to the importance of the 
use of the correct induced (or interference) velocities. A 
brief review is included of recent Japanese theoretical and 
experimental studies on ducted windmills.—(1.5.1.3). 


An experimental investigation of the blade vibratory stresses in 

a single-stage compressor. A. D. S. Carter et al. C.P. 266. (1956). 
The compressor blade flutter investigation has so far been 
concentrated primarily on static cascades. As a link with 
full scale compressor results a series of tests has been under- 
taken on the untwisted stator of a single stage compressor. 
The tests were carried out in a variable density return circuit 
rig.—(1.5.2 x 2). 


Untersuchungen tiber die dreidimensionale Potentialstrémung 
durch axiale Schaufelgitter. T. Ginsburg. E.T.H. Nr. 22.— 
(1-5). 


ring - cascade - type thrust 
T.N. 3838. (November 


characteristics of 
McArdle. N.A.C.A. 


Performance 

reversers. J. G. 

1956). 
Model thrust reverses consisting of a cascade of turning 
rings plus a mechanical deflector positioned aft of a 4- inch 
exhaust nozzle with a 7° external fairing were tested in 
quiescent air at exhaust-nozzle pressure ratios up to 2°5. 
The effects of several geometric design variables on perform- 
ance and reversed-flow fields were measured.—(1.5.1.2). 


LoapDs 


Fin-and-rudder loads in a yawing manoeuvre: effect of direct 

and power assisted rudder movement. D. R. Puttock. C.P. 301. 

(July 1955). 
The severity of a yawing manoeuvre specified for design 
purposes is investigated. The analytical treatment includes 
the derivation of exact expressions for the angle of sideslip, 
fin-and-rudder load and rudder hinge moment induced by 
a sinusoidal rudder movement of arbitrary frequency. 
These expressions are analysed to determine how the 
maxima of each of the quantities are affected by variations 
in the frequency of the rudder movement. Computational 
charts are included to simplify the determination of these 
effects in particular instances. The problems are illustrated 
with reference to a numerical example.—(1.6.2). 
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Gust research with V-g recorders on Australian routes. F. H. 

Hooke and Q. Baum. A.R.L. Report S.M. 241. (1956). 
Since 1947 data on the larger gust loads have been obtained 
on a variety of Australian air routes by the carriage of 
V-g Recorders. Aircraft concerned have been Douglas 
* Dakota,” DC-3, DC-4 and Bristol “ Freighter.” Results 
were obtained from Dakotas operating between Australia 
and Japan, and from DC-3s operating along the coast of 
Western Australia. The programme was extended to cover 
routes in south eastern Australia (with DC-3 and Bristol 
Freighters).—(1.6.3 X 24). 


STABILITY AND CONTROL 


Wind-tunnel investigation to determine the horizontal- and 
vertical-tail contributions to the static lateral stability charac- 
teristics of a comoplete-mcdel swept-wing configuration at high 
subsonic speeds. J, W. Wiggins et al. N.A.C.A. T.N. 3818. 
(November 1956). 
Results are presented of an investigation made in the 
Langley high-speed 7- by 10-foot tunnel to determine the 
horizontal and vertical tail contributions to the static 
lateral stability of a complete model configuration. The 
general research model was tested through a Mach number 
range from 0:40 to 0:95 and an angle of attack ran; ge from 
—3° to 25° at angles of sideslip of +4°.—(1.8.1.2). 


A study of several factors affecting the stability contributed by 

a horizontal tail at various vertical positions on a swepthack- 

wing airplane model. G.V. Foster and R. F. Griner. N.A.C.A. 

T.N. 3848. (November 1956). 
Results are presented of a study made in the Langley 19-foot 
pressure tunnel at a Reynolds number of 68 xX 10° to 
determine the effects of fuselage afterbody shape, split 
flaps, and a reduction in the span of 0°575-span leading edge 
flaps on the stability contributed by a horizontal tail at 
various heights to a 42° swept-back wing-fuselage combina- 
tion. Results are also presented of air flow surveys in the 
vicinity of the tail with the wing flaps deflected.—(1.8.2 x 
1.3.4). 

STRUCTURES—THEORY AND 


THERMO-AERODYNAMICS—See_ also 


ANALYSIS 


Method of calculation 
wind tunnels. E. 


of blowdown 
190.—(1.9.1 x 


for heat-regenerators 
Van Spiegel. N.L.L.-T.M., F. 


WINGS AND AEROFOILS 


Theoretical and experimental investigation of the effect of tunnel 

walls on the forces on an oscillating airfoil in two-dimensional 

subsonic compressible flow. H. L. Runyan et al. N.A.C.A. 

Report 1262.—(1956). 
The integral equation defining the problem of an oscillating 
wing in a tunnel is treated and is presented in a form 
adapted to calculations. Application is made to a number 
of examples to illustrate the influence on the magnitude 
of wall effects of variations in frequency, Mach number, 
and ratio of tunnel height to wing semi-chord. Comparison 
is made with experimental measurements for several subsonic 
Mach numbers.—(1.10). 

TESTING AND INSTRUMENTS—See also THER\MO-AERODYNAMICS 

and AEROELASTICITY 


The hot-wire anemometer for turbulence measurements, Part 1. 
B. Wise. C.P.273. (1956). 
An equivalent circuit is developed for the hot-wire anemo- 
meter, as used for turbulence measurements. Improvements 
in the frequency response, which can be produced by feed- 
back systems, and by the use of radio-frequency heating, 
are also described.—(1.12.6.3). 
The hot-wire anemometer for turbulence measurements. Part 
Il. B. Wise and D. R. Stewart. C.P. 274. (1956). 
Experimental work undertaken to test the theory of 
operation of a hot-wire anemometer with radio-frequency 
heating is described.—(1.12.6.3). 
The hot-wire anemometer for turbulence measurements. Part 
Hil. B. Wise and D. L. Schultz. C.P. 275. (1956). 
Further experiments have been made to verify the theory 


of operation of the wire, using both radio-frequency and 
direct current heating. An analysis of some feed-back 
systems is given, and it is shown how these techniques may 
be used in the measurement of turbulence at high air speeds, 
—(1.12.6.3). 


The hot-wire anemometer for turbulence measurements. Part 
IV. B. Wise and D. L. Schultz. C.P. 276. (1956). 
An account is given of some measurements of both 
turbulence level and spectra at subsonic and_ supersonic 
speeds. An investigation of the steady-state heat-loss law over 
the transonic range is also described.—(1.12.6.3). 


An index of mathematical tables for shock-tube flow. 
Henshall. C.P. 292. (1956). 
A classified index of tables for use in calculations of the 
flow in shock tubes is presented. The nomenclature js 
consistent with general usage.—(1.12.1.3). 


BoD: 


Factors affecting the performance of the nozzle of a hypersonic 

shock tube. B.D, Henshall and G. E. Gadd. C.P. 293. (1956), 
The starting process of a hypersonic shock tube is analysed 
and the subsequent flow conditions in the working section 
are evaluated for various static temperatures and Mach 
numbers of the flow. A discussion of the simulation of 
free-flight conditions leads to recommendations for optimum 
operation of hypersonic shock tubes: performance charts 
are given.—(1.12.1.3). 

An improved optical coincidence gauge. D. A. Secomb, 

A.R.L. Note A. 154. (July 1956). 
A new type of optical coincidence gauge for use in the 
measurement of High Speed Wind Tunnel models is 
described. Coincidence is indicated when a target image 
projected on to the surface appears central on a fixed eye- 
piece graticule, and does not rely on work-surface marks. 
Although the gauge uses only simple and relatively in- 
expensive components, its sensitivity is some five times 
greater than that of a direct focusing method. For a 100 
degree range of surface slopes and for radii of curvature 
down to 0:03 inch the error for a single setting does not 
exceed 0:00015 inch.—(1.12). 


Caractéristiques et possibilités du centre d’essais de O.N.E.R.A. 

a Modane-Avrieux (France). M. Roy. O.N.E.R.A. Publication 

No. 85. (1956). 
On décrit succinctement la grande soufflerie sonique, en 
exploitation depuis plus de trois ans, du Centre d'Essais 
de Modane-Avrieux, puis la soufflerie supersonique con- 
tinue a circuit fermé et densité variable et les trois souffleries 
supersoniques a rafales, qui sont en construction. Les 
capacités et performances de ces différents laboratoires 
aérodynamiques sont précisées. On décrit ensuite de 
nombreux exemples d’essais réalisés ou réalisables dan ces 
diverses souffleries.—(1.12.1). 


AEROELASTICITY 


See also AERODYNAMICS—INTERNAL FLOW 


Ill-conditioned flutter equations and their improvement for 

simulator use. E, G. Broadbent. C.P. 298. (June 1956). 
If simple arbitrary modes of the form 7% are used as co- 
ordinates in a wing flutter calculation, the equations are 
ill-conditioned and cannot be solved satisfactorily on a 
simulator. This ill-conditioning can be avoided by trans- 
ferring the flutter matrix so as to reduce the inertia 
couplings between like modes to zero. This transformation 
is described with numerical examples, and some observations 
are made on the general problem of choice of co-ordinates 
in a flutter calculation —(2). 


An investigation of the flutter of rectangular wings with tip 
masses. Part Il. Test vehicle design, instrumentation and 
firing. R. J. Rockliff. A.R.L. Report S.M. 239. (February 
1956). 
An account is given of the design, construction instrumenta- 
tion and firing techniques for a ground launched rocket- 
propelled flutter test vehicle-—(2 x 1.12.2). 
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and | dn investigation of the flutter of rectangular wings with tip were loaded parallel to the rolling direction of the sheet. 
ack | masses. Part Il]. Wing stiffness and resonance testing. C. M. Yield stress, Young's modulus, secant and tangent moduli, 
may | Bailey and R. W. Traill-Nash. A.R.L. Report S.M. 238. and two stresses useful for determining the maximum 
eds, (February 1956). compressive strength of plates are presented in graphical 


and tabular form. A time-temperature parameter derived 


vibration tests on rectangular unswept 
P from rate-process theory is used to present the compressive 


model wings are described. An analysis is made of the 


Part effect of the electro-magnetic exciter on natural modes and yield stresses as a single master curve.—(21.2.2). 
frequencies of the wings and some conclusions are drawn in : 
oth relation to optimum vibrator arrangements.—(2). METEOROLOGY 
feoelastic problems of airplane design. H. G. Kussner. 


| V\A.C.A. T.M. 1402. (November 1956). 

A review, based on a bibliographical selection of some 65 0 

papers and on the author's experience, Is given of some A method for calculation of free-space sound pressures near 
recent progress in the field of wing flutter and related a propeller in flight including considerations of the chordwise 
matters. The review touches on phases of unsteady aero- blade loading. C. E. Watkins and B. J. Durling. N.A.C.A. 
the | dynamics and fiutter theory, model and flight testing, and T.N. 3809. (November 1956) 

Tabulated values are presented of certain definite integrals 
that are involved in the calculation of near-field propeller 


DESIGN AND CONSTRUCTION noise when the chordwise forces are assumed to be either 


uniform or of a Dirac delta type. The tabulations are over 
30), { constructional method for minimising the —hazare of a wide range of operating conditions and are useful for 
ysed sastrophic failure in a pressure-cabin. D, Williams, C.P. 286. estimating propeller noise when either the concept of an 
tion March 1955). effective radius or radial distributions of forces are con- 
ach A method is put forward for substantially reducing the sidered. Use of the tabulations is illustrated by several 
1 of chances of a local failure in the shell of a pressure cabin examples of calculated results for some specific propellers. 
num from developing into catastrophic failure of the cabin. The (29). 
arts increased safety is achieved without weight penalty, and 
consists essentially in using closely-spaced (10 inches or FATIGUE 
thereabouts) transverse flat bands, the material for which is . ; 
mb. obtained by reducing the sheet thickness normally available See also STRUCTURES— THEORY AND ANALYSIS 
| for the shell walls —(4.2.2.2 x 33.2.3.3). 
the | Flexural fatigue tests on 5L3 aluminium alloy sheet. J. M. 
sis AVIATION MEDICINE Finney. A.R.L. Note §.M. 228. (May 1956). 
nage Results are presented of flexural fatigue tests at load range 
eye- & Crash injury. G.J. Pesman and A.M. Eiband. N.A.C.A. T.N. ratio R=—1-0 on unnotched specimens made from B.S. 
irks, (November 1956). Aluminium alloy sheet.—(31.2.2.3.2.1 x 21.2.2). 
in- Data from full-scale experimental aeroplane crashes were . 
imes studied to determine how impact injuries occur and how Random and programmed load sequence fatigue tests on 24ST 
100 the chance of such injuries may be reduced. The following aluminium alloy wings. A. QO. Payne. A.R.L. Report §.M. 244. 
ture hazards were considered: (1) being crushed, (2) being struck (September 1956). 
not | — by missiles, (3) striking objects by tearing loose or flailing The fatigue strength of Mustang Wings has been investigated 
| about, and (4) being injured by the crash decelerations. under a random sequence of loads designed to represent the 
Transport, cargo, fighter, and light aeroplane crashes were flight load history of a transport aircraft, and a similar 
RA. studied.—(9). investigation has been made using a programmed block 
rae sequence of three load amplitudes. The fatigue behaviour 
R FLIGHT TESTING of the structure is compared with predicted results.— 
GI242 332353) 
Squnders-Roe Princess flying boat G-ALUN air and water 
a performance tests. C. P. 279. (1956)—(13°3). Fatigue crack propagation in light alloys. J. Schijve. N.L.L.- 
ries T.N. M. 2010. 
Les A flight investigation of the wake behind a Meteor aircraft, Two aspects of fatigue cracks are considered: (1) Fatigue 
vires With some theoretical analysis. D. R. Andrews. C.P. 282. crack propagation as a refined phenomenological approach 
de December 1954). to several fatigue problems; (2) The consequences of a 
ces | An experimental investigation of the wake behind a Meteor fatigue crack in an aircraft structure-—(31.0). 
’ 4aircraft has been carried out, and theory used wherever 
possible to confirm and extend the results obtained.—(13). Static strength and fatigue properties of unnotched circular 
75S8-T specimens subjected to repeated tensile loading. W. 
HYDRODYNAMICS Weibull. F.F.A. Report 68. (1956). 


Data from a series of 24 static tensile tests and 270 fatigue 
tests have been statistically analysed by determination of 
Water tunnel boundary effects on axially symmetric fully the median S-N curve, the scatter and the distribution 

for developed cavities. 1. J ‘Campbell and G. E. Thomas. C.P. 278 function of the fatigue strength as well as the P-S-N 
(1956) equation. It was found that the scatter in fatigue strength 
ag is independent of the number of stress cycles applied (Case 


See also STRUCTURES—-LOADS 


co- The limitation on cavitation number attainable when axially A) and that the strength is neither normally nor log-normally 
are symmetric cavities are formed in a fixed wall tunnel distributed. The scatter due to the material is small and 
na (Simmons’ blockage effect) and related effects are discussed of the same magnitude as the scatter due to the testing 
‘ans- in some detail. Estimates of the way in which the dimensions machine. Formulae for calculating the variances of 
ertia of cavities formed behind a circular disc depend on the estimated parameters have been derived and applied to the 
ition cavitation number and on the ratio of model diameter.— test data.—(31.2.2.3.2.1) 
lates NIC 
MATERIALS SCIENCE—GENERAL 

See also. FATIGUE An automatic recording svectrophotometer. D. C. Brown. 
tp CoA Report 111. (November 1956). 
und Compressive stress-strain properties of 7075-T6  aluminum- A new type of concave mirror plane grating spectrograph 
wary dloy sheet at elevated temperatures. E. E. Mathauser. has been constructed. The mounting is that of a modified 

N.A.C.A. T.N. 3854. (November 1956). Ebert type. The instrument can also be used as an automatic 
nta- Compressive stress-strain test results for 7075-T6 aluminium- recording spectrophotometer by rotating the grating and 
ket- alloy sheet are presented for temperatures up to 700°F scanning the spectrum across a slit behind which is mounted 


and exposure times from 0:1 to 100 hours. All specimens a photomultiplier tube.— 32.2.4). 


— 
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The use of thermistors in precision thermometry. G. W. 

Benson. N.R.C. Report MI-817. (October 1956). 
Experiments have been performed indicating that present 
manufacturing techniques will produce thermistors which 
are capable of being used as precision thermometers. They 
will allow temperatures to be measured with an accuracy 
approaching 0:001°C, and appear to be stable over long 
periods of time. More sensitive instruments may well show 
that higher orders of precision are possible.-—(32.2.2). 


STRUCTURES 
Loaps 


Impact measurements on a large model of a representative 

landplane fuselage on water. J. E, Allen. C.P. 283. (October 

1954). 
An experimental investigation has been made into splash- 
up, impact pressures, and impact forces occurring during 
controlled alightings on smooth water of a representative 
landplane fuselage of elliptic cross section. Pressure 
distributions are presented in the form of data for several 
landings over a range of initial attitudes and at flight path 
angles down to 1°5°.—(33.1 x 17). 


THEORY AND ANALYSIS 


See also DESIGN AND CONSTRUCTION 
and FATIGUE 


Transient thermal stress in a flat plate due to non-uniform 

heat transfer across one surface. N.S. Heaps. C.P. 299. (April 

1954). 
Transient thermal stresses are determined theoretically for 
a long rectangular plate when subjected to a sudden change 
in temperature on its top surface. On this surface a heat 
transfer coefficient is postulated which varies inversely as 
the square of the distance from one of the longitudinal 
edges. The solution in terms of Bessel Functions has 
application to the aerodynamic heating of the wings of 
an aircraft when suddenly accelerated to a high supersonic 
speed.—(33.2.4.5.9 x 1.9.1). 


Stability of honeycomb sandwich panels in shear. R. Nichols. 
CoA Note 55. (October 1956). 
Results obtained by theoretical and experimental methods 
for the buckling of square honeycomb sandwich panels in 
shear are given.—(33.2.4.6.4). 


Measured strains in a swept tapered tube. Part Il. G. L. 
Belcher. A.R.L. Report S.M. 242. (July 1956). 
Results are presented of an experimental determination of 
the strains and stresses in a swept and tapered tube of 
rectangular cross section with ribs parallel to the line 
of flight. These results were obtained for the cover of the 
tube near its root, and for the spar webs.—(33.2.3.2). 


Buckling and post-buckling behaviour of a cylindrical panel 

under axial compression. W.T. Koiter. N.L.L. Report S. 476. 

(May 1956). 
The post-buckling behaviour of narrow cylindrical panels, 
such as occur in stiffened cylindrical shells, is investigated 
for one set of boundary conditions along the longitudinal 
edges. It appears that the initial post-buckling stage is 
stable only for very narrow panels. A programme for 
further research is outlined with respect to other boundary 
conditions, to the more advanced post-buckling stage, and 
to an experimental verification. It is conjected that the 
behaviour of a narrow curved panel in the advanced post- 
buckling stage will approach the behaviour of the flat panel 
of the same width.—(33.2.4.8.6). 


The fatigue strength in fluctuating tension of single lap joints 

of clad 24 S-T and 75 S-T aluminum alloy with 2 rows of 17S 

rivets. A. Hartman and W. Klaassen. N.L.L.-T.N. M. 2011. 
Results are presented of a fatigue investigation on 2 row 
riveted single lap joints of Clad 24 S-T aluminium alloy in 
fluctuating tension. The results show no simple relation of 
the fatigue strength with the static strength of the 
joint or with any simple parameter of the dimensions 
of the specimen. The load transmitted by friction is 
considered to have an important influence, especially on the 
fatigue limit. The fatigue strength of the 24 S-T specimens 
was superior to that of the 75 S-T clad specimens.— 
241310 31.2.3,.2222). 
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An analysis of the stability and ultimate compressive strength 
of short sheet-stringer panels with special reference to the 
influence of the riveted connection between sheet and Stringer, 
J. W. Semonian and J. P. Peterson. N.A.C.A. Report 1255, 
(1956). 
A method of strength analysis of short sheet-stringer panels 
subjected to compression is presented which takes into 
account the effect that the riveted attachments between the 
plate and the stiffeners have on the strength of panels. An 
analysis of experimental data shows that panel strength js 
highly influenced by rivet pitch, diameter, and location and 
that the degree of influence for a given riveting depends on 
the panel ‘configuration and panel material. (Supersedes 
N.A.C.A. T.N. 3431).—(33.2.4.6.6). 


Interaction of bearing and tensile loads on creep properties of 

joints. E. G. Bodine et al. N.A.C.A. T.N. 3758. (October 

(1956). 
The interaction of bearing and tensile loads on the creep 
behaviour of joints was studied. A specimen was designed 
for this study which possessed some of the general features 
of pin and rivet joint connections and an apparatus was 
constructed to apply both bearing and tensile loads to the 
joint model. Deformation measurements were made by use 
of a photogrid printed on the joint model.—-(33.2.4.13.1), 


Analysis of elastic thermal stresses in thin plate with spanwise 
and chordwise variations of temperature and _ thickness. A. 
Mendelson and M. Hirschberg. N.A.C.A. T.N. 3778. (November 
1956). 
An approximate method for calculating thermal stresses in 
a thin plate with variable thickness and_ temperature 
distributions in both the spanwise and chordwise directions 
is presented. Several examples are worked out and plotted. 
—(33.2.4.0.9). 


Comparison of theoretical stresses and deflections of mutlticell- 

wings with experimental results obtained from plastic models. 

G. W. Zender. N.A.C.A. T.N, 3813. (November 1956). 
The experimental deflections and stresses of six plastic 
multicell-wing models of unswept, delta, and swept plan 
form are presented and compared with previously published 
theoretical results obtained by the electrical analogue 
method. The comparisons indicate that the theory is reliable 
except for the evaluation of stresses in the vicinity of the 
leading edge of delta wings and the leading and trailing 
edges of swept wings. The stresses in these regions are 
questionable, apparently because of simplifications used in 
idealising the actual structure for theoretical purposes and 
because of local effects of concentrated loads.—(33.2.3.1 x 
33.2.3.2 33.3). 


TESTING 
See also STRUCTURES—-THEORY AND ANALYSIS 


The calibration of a strain gauge bridge network. A. B. 

Britton and I. G. Scott. A.R.L. Note S.M. 230. (July 1956). 
Theoretical and experimental investigations are described 
of a null method resistance strain gauge balance network 
similar to that used on the Elliott wind tunnel balance. The 
basic circuit was chosen because of its inherently good 
temperature stability —(33.3.1). 


THERMODYNAMICS 


Some experiments on an effusion cooled turbine nozzle blade. 

S. J. Andrews et al. C.P. 267. (1956). 
An experimental and theoretical investigation was carried 
out on effusion cooling of a turbine nozzle blade in 4 
cascade tunnel. The permeable surface of the test blade was 
made of woven stainless steel wire cloth brazed to the 
spine in such a way that the effusion flow could be 
individually controlled over a number of regions on both 
convex and concave surfaces of the blade form. In this 
way, the chordwise effusion, flow distribution required to 
produce uniform surface temperature at mid-span, and the 
temperature distribution at mid-span produced by uniform 
effusion were determined and compared with the corres 
ponding theoretical predictions.—(34.3.4). 
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